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ABSTRACT 


A study was conducted on plant communities and moose habitat use in 
the lowlands near Fort Providence, Northwest Territories. The purpose 
of this study was to examine some relationships between moose and willows 


on a moose winter range. 


Species composition, herbage and browse production and soil charact- 
eristics were described for five plant communities: sedge meadow, 
patterned fen, willow-shrub, willow savanna and aspen-willow communities. 
Available mean annual production ranged from 530 kg/ha in the aspen- 
Willow to 2535 kg/ha in sedge meadow communities. Available browse 
production ranged from 442 kg/ha in the willow savanna to 1406 kg/ha in 
willow-shrub communities. Available winter browse averaged 20 percent 


of summer browse production in shrub communities. 


Moose were found to concentrate in the willow savanna and patterned 
fen communities in part of the study area during winter. A density 
of 0.9 moose per square kilometer was recorded on willow communities 


used as winter range. 


During winter, moose exhibited a marked browse preference for Saltx 
candida, S. bebbtana and S. padophylla and an avoidance of S. maccalliana 
and S. gracilis. Previous browse use on individual shrubs was found to 
increase the probability these shrubs would be rebrowsed by moose. The 
degree of previous use also influenced the amount of current annual browse 


iv 
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removed from each shrub. 


The seasonal nutrient content in the current annual growth of 
Six Willow species and two browsed conditions were examined at four 
dates during the growing season and once during the dormant season. 
Seasonal levels of moisture, crude protein, acid-detergent fiber, lignin, 
ash, calcium, phosphorous , magnesium, sodium and crude fats were 
described. Although some differences in nutrient levels were found 
among species and between erayeed conditions within species, these were 
not consistent throughout the sampling period. No significant relation- 
ships were found between moose browse selection and browse nutrient 
content. Chemical analysis of three twig portions showed a progressive 
decrease in moisture, crude protein and minerals and an increase in 


acid-detergent fiber and lignin from the terminal to lower twig portions. 


Willows subjected to simulated or natural browsing during the 
dormant season responded with a decrease in the number of twigs and 
a significant, two to four fold, increase in twig weight per secondary 
stem in the following growing season. It was postulated that this larger 
twig growth may have influenced moose preference for previously browsed 
shrubs. This selection may be advantageous to moose by maximizing intake 
of palatable and perhaps more nutritious browse (terminal twig portions) 


while minimizing energy expended by decreasing the time spent feeding. 
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Comparison of current annual twig growth on secondary 
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INTRODUCTION 


It has been well established that moose (Alces alces) are primarily 
a browsing species, especially during winter. On ranges in westem 
North America, willows (Saltz spp.) are one of the most important food 
sources used by moose (Pimlott 1961; Peek 1974). However, due to the 
taxonomic complexity of the genus Saltx and the difficulty in rapidly 
identifying willows to species, most moose food habit studies refer to 
willows as a collective group. Several researchers have found that 
moose will discriminate among species of willows by showing preferential 
use of some species over others (McMillan 1953; Milke 1969; Dorn 1970). 
Suggested factors that may influence the preferential use of a particular 
species include nutrient content, succulence (moisture content), shrub 
height and growth form, season of use and the type and abundance of 
associated plants (Milke 1969; Dorn 1970; Pavlov 1973; Berg and 


Phillips 1974). 


Food habits express a fundamental relationship between moose and 
their environment. An understanding of moose forage preferences is a 
prerequisite to moose population and habitat management. This study was 
conducted in the northern part of moose range in North America. At this 
latitude, it is expected that the long and cold winters cause a 
considerable energy and nutritional strain on moose. Gasoway and Coady 
(1974) found that moose in Alaska normally experience a loss of up to 
25 percent of body weight during winter. The relatively short growing 


season of northerm latitudes would also limit the time available for 
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weight gain from the more nutritious summer forage. Moose are large 
mgulates requiring 18 to 23 kg of browse per day in winter (Verme 1970). 
Considerable mobility and energy expenditure would be required to obtain 


sufficient browse to maintain the rumen fill. 


This study was initiated by observations of moose browse selection 
of particular species of willows and further selection of individual 
shrubs within a preferred ailsetics. My research on the lowland ranges 
near Fort Providence, Northwest Territories, seeks to quantify and 
relate the relationships between moose and willows on a moose winter 


range. The objectives of this study were: 


a) to describe the habitats available to moose in the lowlands 
Me Amro ue nOVECeICe a Ns We ls, 

b) to quantify moose browse selection in three plant communities, 

c) to investigate the seasonal nutrient levels in six common 
willows in the study area, 

d) to investigate the response of willows to browse utilization, 
and 

e) to investigate the relationships among moose browse selection, 
browse nutrient levels, previous browse utilization, and willow growth 


form. 
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DESCRIPTION OF THE STUDY AREA 


ie ~LOCAtION sands Size 


The study area was located thirteen kilometers northeast of Fort 
Providence, Northwest Territories (61°25'N; 117°40'W of the fifth 
meridian) and encompassed approximately one hundred square miles 


Figure 1). 


Within this region, two similar sites, one with relatively low 
and the other relatively high moose utilization, were selected for 
detailed investigation. The legal land location is sections 33 and 
34, township 142 and sections 2 and 3, township 143, range 20, west of 
the fifth meridian for Site One which sustained relatively low moose 
Hoes sections 15,/14, 23, and 24, townshap las) range ad), west: cf the 
fifth meridian for Site Two which sustained relatively high moose use 


(Figure 1). 


2. History of the Area 


The wildlife of the Upper Mackenzie region have historically pro- 
vided a natural resource base that dominated the lifestyle of nomadic 
Indian bands of the Slave tribe (Osgood 1931). Moose, bison, and fish 
provided a major proportion of their food supply. Archaeological 
evidence indicates that the Fort Providence region was inhabited by 


prehistoric cultures for more than 5,000 years, B.P, (Wormington IGS 2): 
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The Native people are presently localized in settlements and still 


depend on hunting, fishing, and trapping to supplement their incomes. 


Land disposition of the Fort Providence area is controlled by the 
Government of the Northwest Territories. Grazing leases have been 
established on the sedge-grasslands along the Bluefish River and at 
Mills Lake. Native hay and potatoes are harvested on the alluvial 
flats at the mouth of the Horn River. The Mackenzie Bison Sanctuary 
was established in 1963 with the re-introduction of wood bison. The 
bison sanctuary is located north of the Mackenzie River, between 


Highway 3 and Great Slave Lake (Figure 1). 


3. Geology and Soils 


The study area is underlain by Upper Devonian rocks of the Simpson 
formation (Douglas 1959). These rocks are described as slightly cal- 
careous, laminated shales with inclusions of calcareous sandstone and 
siltstone. During the Pleistocene, the Laurentide ice sheet deposited 
a stony, gravelly clay drift over the entire Interior Plain (Craig 1965). 
During deglaciation, the till was covered by stratified lacustrine 
deposits derived from the sedimentation of glacial Lake McConnell. 

The resulting topography of the Great Slave Plain is low-lying, nearly 
flat ground with numerous small lakes and bogs. Numerous lineaments 
of varying lengths transect the study area and disturb the continuity 


of communities with sharp changes in vegetation (Craig 1965). 


The soils of the study area were developed on moderately fine to 
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fine textured lacustrine material that contains some stones. On well- 
drained sites, the vegetative cover of aspen (Populus trenulotdes), 
white spruce (Ptcea glauca), and willows have influenced the develop- 
ment of Orthic Gray and Orthic Brown Luvisolic soils. Rego-Gleysol 
soils have developed on poorly-drained but moderately permeable sites, 
and are vegetated by the aspen-willow and willow-savanna community 
types. Where the vegetation is largely grasses and sedges, a moderate 
Ah horizon has developed. Poorly drained sedge meadows and patterned 
fens have organic soils and are often frozen at 45 or more centimeters 


below the surface (Day 1968). 


4. Climate 


The Fort Providence region lies within the Sub-Arctic climatic 
zone, characterized by long, cold winters, brief warm summers and 


light precipitation (Thomas 1953). 


The mean annual temperature is -4°C and ranges from a high mean 
daily temperature of 16°C, in July, to a low mean daily temperature of 
-27°C in January. Mean daily maximum temperatures reach 23°C in July 
while the mean daily minimm of -32°C occurs in January. The frost- 
free period extends for 75 days, from about 10 June to 14 August. The 
mean growing season extends from 9 May to 26 September, an annual 


average of 140 days (Canada Department of Transport 1967). 


The mean annual precipitation for the region is 26.4 an. About 


one-half of the total precipitation falls during the growing season, 
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The mean date of drought point is reached about 22 June, forty-two 
days after the beginning of the growing season (Day 1968). Snowfall 
contributes 44 percent of the total annual precipitation. The average 
snowfall of 112 cm compacts to a winter maximum of 71 cm. The snow 


cover lasts an average of 182 days. 
5. Vegetation 


The Fort Providence area is in the Upper Mackenzie section of the 


Boreal Forest region (Rowe 1972). 


The better drained soils are characterized by a climax vegetation 
cover of white spruce, with jack pine (Pinus bankstana) occurring on 
drier sandy ridges. Due to frequent fires, most of the uplands are 
covered by aspen, with an understory of willow, buffalo Sane (Mia eecbs 


canadensts), rose (Rosa actcularts), and grasses. 


On poorly drained sites, an association of bog birch (Betula 
glandulosa), willows, sedges (Carex atherodes and Carex aquattiis), 
and grasses (Seolochloa festucacea and Calamagrostts inexpansat ) 
predominate. Black spruce (Ptcea martana) muskegs with larch (Lartx 
lartctna), Labrador tea (Ledwn groenlandicum) and sphagnum moss occur 
1Both Calanagrostts inexpansa and C. neglecta are found in the Fort 
Providence area but are indistinguishable by vegetative characteristics 


in the field. Both species are hereafter combined as Calanagrostts 
INeXPANSA. 
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in localized areas. Sites of restricted drainage are characterized by 
‘eae sedge fens* and are underlain by permafrost. The intervening 
ridges have an overstory of black spruce, larch, bog birch and willows. 
Wet "grassland" communities dominated by Carex atherodes, Carex 
aquattlts and Scolochloa festucacea occur as insular meadows and 

along watercourses. A willow dominated grassland (willow-savanna) 
occurs as a relatively stable ecotone between poorly and well-drained 


Sites. 


In riverine areas and on alluvial flats, white spruce and balsam 
poplar (Populus balsamtfera) form the main cover types. In these 
areas, willow and alder (Alnus tenutfolta) occur as pioneering and 


successional species. 
6. Fauna 


The Upper Mackenzie lowlands lie on the northern fringe of the 
Closed Boreal Forest Life Zone (Pitelka 1941; Aldrich 1963). The 
Upper Mackenzie lowland region is considered one of the most productive 


Wwilalite,aceas in the north, (Ganadian WildlifesService 1972) ¢ 


Seventeen species of mammals were recorded in the study area. An 
additional eighteen species were recorded or reported to occur in the 


surrounding region. 


“Hereafter referred to as the patterned fen commmity. 


: 1 ee + i ay - 
; A! | ae ae . i. 4 
yd hoe eretou evs re snot inte b 


i y Md 
witty. ati: . oer ee 


zt al f PAA aon 1 sit ig 
foiciit, : (eat sollesi T) ona aie 7 i . 
noi te eno bebe ob alg ye bes esr, is 


’ 
[Shr oobvree whey netbonr 2) daria ald lig 
a 


oatpn eae tall ae | ohn ees wate Del - ht . 
: ma 


2 ni Bite) ct ba trageT. > ease ts 
| | 1 


a ~ 


Moose were the most common and widely distributed ungulate in the 
lowlands. Wood bison (Bison bison athabascae)! originally inhabited 
the Mackenzie lowlands (Mackenzie 1801) and were re-introduced in 
1963 (Monaghan 1973)*. The main concentration of wood bison is 
located in sedge meadows to the northeast of the study area. Woodland 
caribou (Rangitfer tarandus) range throughout the black spruce forests 
to the north and south of Fort Providence, and are occasional transients 
through the study area. Black bear (Ursus amertcanus) were common 


throughout the area. 


Common mammalian predators in the area include the wolf (Canus 
lupus), red fox (Vulpes vulpes), lynx (Lynx lynx), marten (Wartes 


americana), and ermine (Mustela ermtinea). 


Beaver (Castor canadensis) and muskrat (Ondatra ztbethtcus) 
were common along the Bluefish River. The red squirrel (Tantaseturus 
hudsontcus) were found throughout the region, wherever pockets of 
white and black spruce had escaped previous fires. The snowshoe hare 
(Lepus americanus) population was at a low point of its cycle during 
the study period. In preceding years, browsing by snowshoe hares 


had killed or seriously affected much of the bog birch in the study area. 


The populations of meadow vole (Microtus pennsylvantcus), Arctic 


shrew (Sorex arcttcus), and masked shrew (S. cinereus) were found to 


lScientific and common mammal names follow Jones et al., 1973. 
2Personal communication, H.J. Monaghan, October 17, 1973. 
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be locally abundant in the willow-savanna, sedge meadow and patterned 

fen communities. The feeding and food storage activities of the 

meadow vole appeared to be removing up to a quarter of herbaceous 

forage production in sedge dominated commmities. The northern bog 
lemming (Synaptomys borealts) was recorded in the patterned fen community. 
The deer mouse (Peromyscus mantculatus) and northern red-backed mouse 
(Clethritonomys rutilts) were common on drier sites under aspen, willow 


and white spruce cover. 


Approximately 105 species of birds were observed during this 
study or were reported (Carbyn 1967) to breed in the westerm Great 
Slave Lake region. In addition, approximately 60 species were observed 
during this study or were reported (Carbyn 1967) as seasonal migrants 


and winter Visitors. 


A resident population of Sharp-tailed Grouse (Pedtoecetes phastanellus) 
and a winter population of Willow Ptarmigan (Lagopus lagopus) were found 
in the study area. Both species wintered in willow-dominated communities 


and fed on the buds of willow and bog birch. 


1Small mammal populations were examined by snap trapping in three plant 
communities in the study area. Five hundred and six trap nights were 
Miedurimne ss tOeo ana: . becor 2 Auouste Loy Ss 
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REVIEW OF THE LITERATURE 


A. Plant Communities 


1. Forest Communities 


White spruce is generally considered to be the climax forest 
vegetation for mesic sites throughout northern Alberta and the adja- 
cent Mackenzie region (Raup 1946; Moss 1953). In northem Saskatchewan 
Kabzems (1952) reported black spruce as the climax species, growing 
on a wide range of soils and forest sites, forming pure as well as 
mixed stands. In the more northem parts of Alberta (Moss 1953) and 
adjacent Mackenzie areas (Raup 1946), black spruce is commonly found 
on many kinds of terrain, in pure stands or intermixed with white 
spruce, paper birch (Betula papyritfera), aspen and jack pine. For 
northern areas, Raup (1941) emphasized the difficulty of recognizing 
associations and of applying the climax concept. Raup (1941) 
suggested that the vegetation of the central part of the Mackenzie 
basin is ''exceedingly young" and much of it appearing "as though 
it were in the process of being formed''. He described the Mackenzie 
lowlands as a floodplain forest, developed on alluvial and lacustrine 
soils, and characterized by a succession from a Populus balsamifera, 
Equisetun pratense, Saltx bebbtana association to a stable Preea glauca, 
Saltz bebbiana, Viburnum edule, Cornus stolontfera association. On 
better drained sites, the upland mesophytic white spruce forest, 
characterized by Picea glauca, Saltx bebbtana, Hypnun Cristacastrensts, 


Hypnun Schrebenit (Raup 1946) is comparable to the white spruce, 
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shrub-herb and feather moss faciations (Moss 1953) common to north- 


western Alberta. 


Periodic fires that destroy the climax stands are a common occur- 
rence in the boreal forest, and may be frequent enough to moderate 
or halt the natural successional processes (Moss 1932; Rowe and Scotter 
1973). In northern regions, the result of fire has been the esta- 
blishment of extensive stands of Populus tremulotdes, with occasional 
patches of Ptcea glauca, P. martana, Populus balsamtfera and Pinus 
bankstana (Raup 1946). In the absence of fire, the slow natural suc- 
cession of aspen and balsam poplar to white spruce results in a mixed- 


wood sere that is floristically diverse but infrequently described. 


Moss (1953) divided the poplar association into Populus tremulotdes 
and P. balsamtfera consociates. He also differentiated the aspen 
poplar association proper from the parkland. The intemal structure 
of a typical poplar association in northern Alberta includes a closed 
canopy of Populus tremulotdes or P. balsamtfera, a discontinuous small 
tree -- tall shrub stratum, characterized by willow, notably Saltx 
bebbtana, a rich low shrub stratum, a moderate herb strata and sporadic 
mats of bryophytes (Moss 1953). Important associate species include 
Cornus stolontfera in the Populus balsamtfera consociation and Shepherdia 
canadensis, Arctostaphylos uva-urst and Elymus tnnovatus in the Populus 


tremuilotdes consociation. 


Moss (1955) stated that Populus tremulotdes is adaptable to wide 


edaphic and climatic factors. Environmental variables such as soil 
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texture, moisture and nutrients, climate, grazing, topography and 
past history influence the floristic composition of the understory 
(Raup 1946; Moss 1955; Maini 1968). Common associate species of 
typical stands of Populus tremulotdes are reported by Moss (1953) for 
northwestern Alberta, Raup (1946) for the Wood Buffalo region, Jeffery 
(1961) for the Peace River area, Moss (1932) for central Alberta and 
the parkland, Hilton and Bailey (1974) and Sheffler (1976) for the 
parkland, Maini (1968) for Saskatchewan, Lynch (1955) for Montana and 


Kittredge (1938) for Minnesota and Wisconsin. 


Moss (1932) reported Populus balsantfera to be restricted in 
distribution, due to a greater dependency upon moisture. Populus 
balsantfera reaches its best development on moist sites such as river 
flats, and becomes more frequent in northern Alberta. The common 
associate species and Bien stages of Populus balsamntfera asso- 
Ciations are reported by Raup (1946) for the Upper Mackenzie lowlands 


and Moss (1932, 1953) for central and northern Alberta. 


Hilton and Bailey (1974) found that herbage production under 
Parkland Populus tremuloides varied between seasons and communities. 
In the small poplar type, herbage yield ranged from 170 kg/ha to 104 kg/ha 
for grasses and sedges and 120 kg/ha to 187 kg/ha for green forbs. In = 
the large poplar type, the herbage yield was 30 kg/ha and 32 kg/ha for 
grasses and sedges and 25 kg/ha and 73 kg/ha of green forbs for the 


1968 and 1969 seasons respectively. 
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Saltx bebbtana is described as a tall shrub or small tree (Raup 
1959) that is widely distributed throughout the wooded parts of Alaska, 
and the Yukon (Viereck and Little 1972; Argus 1973), Athabasca-Great 
Slave Lake region (Raup 1946), and northern Alberta (Moss 1953). Saltx 
bebbtana 1s a characteristic species of floodplain Populus balsamtfera 
and Picea glauca associations, open Populus tremulotdes forests, grass- 
land margins and burned over upland areas (Moss 1953; Raup 1959). 
Populus tremulotdes, Saltx bebbtana communities have been described by 
Sheffler (1976) and Hilton (1979) for the parkland region and by 
Jeffery (1961) for the Peace River area. Hilton (1970) reported 
that in 1968, the total green herbage production in the aspen-willow 
community was 374 kg/ha. Of this, grasses, including Poa spp., Cal- 
amagrostts tnexpansa, C. neglecta and Beckmannta syatgachne, contri- 


buted 204 kg/ha and forbs 169 kg/ha. 


2. Shrub Communities 


Willow dominated communities are generally recognized as pioneer 
or early successional stages (Raup 1946; Argus 1973). Argus (1973) 
emphasized the relationship of willows and habitat instability charac- 
teristic of physical disturbance (river floodplains, glacial moraines, 
gravel outwash plains and fires) and labile successional stages, 
Argus (1973), Viereck (1966), Bliss and Cantlon (1957) discussed 
the role of willows in the vegetative succession of physically dis- 


turbed areas in Alaska and the Yukon. These authors noted a succession 


of willow species that dominate each seral stage. Raup (1959) recognized 


the dominance of willows on wet, cool soils characteristic of the 
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margin of muskegs, wet meadows, alpine and arctic tundra as well as the 
role of willows in colonizing disturbed areas. Raup (1946) described 
willow communities of the Upper Mackenzie lowlands as generally forming 

a transitional zone around slough margins and along river floodplains 

but which may form broad expanses on delta areas. Raup (1946) recognized 
two types of willow succession: 1) at slough margins, where the first 
Willow to appear is Saltx planifolia, followed by S. petiolaris and 

S. bebbiana, and 2) on river Saunt bey, where Saltx tntertor is the 
colonizing species, followed by S. lutea, S. lastandra and finally by 

S. bebbiama, which persiscs into the forest and becomes a primary 


species in the shrub layer. 


Raup (1935) described the floristic composition of willow dominated 
shrub associations of seral stages related to lakeshore, muskeg, semi- 
open prairies and delta ecotypes in Wood Buffalo National Park. 

Saltx bebbiana occurred as a leading dominant in the shrub layer of 
all woodlands and in nearly pure stands over vast areas between the 
meadow margins and the encroaching Populus tremulotdes. Other studies 
describing the seral stages and floristic composition of willow com- 
mmities include: Lewis, Downing and Moss (1928) for the Cordilleran, 
northern forest and parkland areas of central Alberta, Moss (1953) for 
the marsh and bog succession in northwestern Alberta and Bird (1961), 
Hilton (1970) and Sheffler (1976) for slough to forest succession in 
the aspen parkland of Alberta. Berg (1971) described the vegetation 
of 14 habitat types, six of which are dominated by willows, in a moose 


range study in Mimesota. 
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Jeglum (1972; 1973) investigated the Boreal Forest wetlands in 
central Saskatchewan and discussed the relationship between vegetation 
variation and major environmental gradients. The vegetation classifi- 
cation included a tall shrub fen in which willows (Saltx maccalliana, 
S. plantfolta, S. bebbtana and S. discolor) and alder (Alnus rugosa) 
predominated. The understory was characterized by Carex atherodes, 

C. rostrata, C. aquatilts and Calamagrostts tnexpansa-neglecta. Similar 
tall shrub associations have been described as "shrub vegetation" 

on predominantly mineral sub-stratum (Ritchie 1960); "thicket" 

(Moss and Turner 1961); "'alder swamp'', (Damann 1964); "shrub carr", 
(White 1965); 'brush-land" and "brush and alder" on various provincial 
forest inventory maps. White (1965) considered that a minimum of 2 
percent: cover of tall shrubs is required to separate his "'shrub carrs" 


from the open aspect of 'meadows"'. 


Jeglum (1972) described a low shrub fen having a shrub strata 
below 135 cm in height with a 20 to 25 percent shrub cover. Leading 
shrub dominants in separate stands included: Saltx candida, Saltx 
pedicellaris, Andromeda poltfolta and Betulua glandulifera. Common 
understory species included sedges (Carex aquatilis, C. chordorrhtza 
and others) and Calamagrostis tnexpansa-neglecta. Similar associations 
were described as "shrub fen'' on predominantly peat substrata 
(Ritchie 1960), and a "Drepanocladus-Carex bog" (Moss and Turner 1961; 
Moss 1953). Jeglum (1972; 1973) discussed the continuum of variation 
resulting in an intergrading of tall shrub fens, low shrub fens and 


sedge fens. 
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Washburn (1956) reviewed the suggested origins of pattemed 
ground and attempted a system for their classification. Bogs, char- 
acterized by sedge fens separated by shrub dominated peat ridges, 
have been described as ribbed fens (Zoltai 1971) patterned fens 
(Heinselman 1963), string fens (Drury 1956; Allington 1961) and string 
bogs (Thom 1972). Jeglum (1973) discussed the vegetation patterns of 
ribbed fens in relation to surface water movement and soil nutrient 
regime. Permafrost peat landforms were investigated by Zoltai and 


Jamnoci (19 71)" and -o7j0rs «(1963), 


3. Grassland Communities 


Moss (1953) described the successional vegetation from shallow 
persistent water to seasonally flooded sites as: 1) real swamp, dominated 
by Seolochloa festucacea, and Carex atherodes; 2) marsh, dominated by 
Calamagrostis tnexpansa, Carex aquatilts, C. rostrata and C. atherodes; 
and 3) wet meadow, dominated by Calamagrostis canadensis and scattered 
willows including Saltx pettolaris (S. gracilis), S. plantfolta, S. 
bebbiana and S. maccalltana. Other authors recognized two associations: 
emergent fen (Jeglum 1972) or marsh (Moss 1955; Curtis 1959) and sedge 
fens (Ahti and Hepburn 1967), sedge meadow (Bates and Simkim 1969) or 


meadow (Curtis 1959). 


Thieret (1959) described three grassland communities near Fort 
Providence. These were Scolochloa festucacea-Carex aquattlis-Carex 
atherodes association on wet marshy sites; Agropyron trachycaulun- 


Muhlenbergta richardsonis association on mesic sites; and Calamagrostis 
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negleeta-Agropyron trachycaulun-Carex atherodes association on inter- 
mediate sites. Shrubs and trees occurred as scattered individuals, 
particularly at the periphery of these grasslands. Jeffrey (1961) 
discussed a similar invasion of shrub and forest vegetation onto 

the xerophytic and mesophytic grassland communities in Wood Buffalo 


Park. 


The floral characteristics of the Fort Providence grasslands 
are considered to have sub-arctic and temperate affinities (Raup 
1941; Thieret 1959). These grassland communities are similar to 
those described for the upper Peace River country (Raup 1934) and for 


Wood Buffalo National Park (Raup 1933, 1935). 


Raup (1941) discussed the origin and maintenance of Boreal Forest 
grasslands and suggested that the Mackenzie Basin prairies may have 
developed directly upon the new soils exposed by the drainage of 


the post-glacial lakes. 


Forage production of sedge and sedge-grass meadows were reported 
by Corns and Schraa (1962), McLean et al. (1963), Pringie and Van 


Ryswyk (1968) , Hilton (1970), Wroe (1971), and Corns (1974). 


B. Moose Population Inventory 


1. Aerial Surveys 


Aerial censusing has been considered the only practical way of 


estimating moose numbers in most of North America (Bishop 1969; Bergerud 
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and Manuel 1969). Banfield et ei (1955) summarized the strip census 
method generally used to obtain indices of moose densities by area. 
The problems of determining transect width have been discussed by 
Saugstad (1942), DeVos and Armstrong (1954) and Timmerman (1974). 
Aerial surveys of randomly selected plots, commonly referred to as the 
intensive search or orbiting method (Trotter 1958), were first in- 
troduced by Ontario using a 25 sq mi plot (Timmerman 1974). Recently 
Iynch (1971) in Alberta, Evans be i, (1966) in Alaska, Bergerud and 
Manuel (1969) in Newfoundland and Mantle (1972) in Ontario have used 
the intensive search on randomized blocks of 1 sq mi (2.59 sq km) in 
size. Lynch (1971) reported that only two-thirds the number of moose 
observed on block surveys were spotted during the transect counts. 
Evans et al. (1966) estimated only one-fourth as many moose were seen 
in a given area surveyed using linear strips as compared to 


intensively searched quadrats. 


The inability to see all animals present generally results in an 
underestimation of the moose population (Timmermann 1974). In areas 
of dense forest cover, the average sight ability may be as low as 40 
percent while in more open areas, visibility may approach 70 to 80 
percent (Pimlott 1961; Edwards 1954). Benson (1966), Goddard (1966) 
and Bergerud (1968) have reviewed the accuracy of aerial censusing 
techniques and have suggested that substantial errors are inherent in 
most. Caughley and Goddard (1972) have suggested statistical methods 
for estimating these errors. Siniff and Skoog's (1964) random stratified 
quadrat sampling method, modified by Evans et al. (1966), made population 


estimated more plausable, but these techniques still depend upon 
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knowing what proportion of animals flown over were actually observed. 


LeResche and Rausch (1974) investigated the accuracy and pre- 
cision of aerial moose censusing under ideal weather conditions and 
known moose densities in Alaska. They found that experienced 
observers, flying fifteen minutes over each fenced square mile saw 68 
percent of the moose present while inexperienced observers saw only 


US lenges ghee 


Additional factors that affect visibility bias include the number 
of observers, observers' fatigue, weather conditions, habitat and 


terrain, time of day and relative moose densities (Timmermann 1974). 


Alternate moose censusing methods include track counts (Semyonov 
1965; Bentley 1961; Gawley and Dawson 1965 and Priklonskiy 1965), | 
aerial photography (Banfield et al. 1955; Vozeh and Cumming 1960; and 
Passmore 1963) and infra-red thermal imagery (Croon et al. 1968; 


McCullough et al. 1969; Addison 1972 and Graves e¢ al: 1972). 


Zeemeile tt Group Counts 


Neff (1968) reviewed the pellet group count technique used to 
estimate the relative numbers of big game animals, population trends 
and animal distribution. Timmermann (1974) suggested the major value 
of pellet group counts for moose was to obtain indicies for comparison 
among areas and among years. These indices assisted in the estimation 
of the moose days use in a given area and helped determine preferred 


habitat types and seasonal use pattems (Neff 1968). 
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Neff (1968) assumed that the number of pellet groups counted in 
a1 area was closely related to the number of animal days spent in the 
area. Since pellet groups are usually deposited in a clumped rather 
than a random pattern, sampling is normally more efficient in areas 
of higher pellet group density (Neff 1968; Des Meules 1965). Pro- 
blems associated with the pellet group technique include: observer 
bias and fatigue in counting groups, the small amount of coverage, 
rapid loss of pellets through insect attack and tain; visibility of 
groups as vegetation advances, size of plot and the type of surface 


microtopography (Timmermann 1974). 


The average daily deposition rate of pellet groups has been a 
subject of considerable discussion. Suggested daily deposition rates 
include 14.9 in Wells Gray Park, British Columbia (Edwards 1956), 10.7 
and 14.7 in Quebec (Des Meules 1968), 10.3 in Alaska (LeResche 1970), 
and 13.0 (Julander et aZ. 1963). Pellet group counts generally tend to 
give a higher estimate of niet on in winter concentration areas than 


aerial surveys done under ideal conditions (Hall 1964). 


C. Moose Habitat Use 


lt. Habitat Selection 


The association of moose with sub-climax plant communities is 
generally accepted throughout much of its range in North America 
(Peterson 1955). Geist (1971) described moose habitats as: a) transient 
communities of deciduous trees and shrubs that are unstable, short-lived 


and grow on burns, and b) permanent communities of climax deciduous 
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tree and shrub associations along watercourses, alluvial deltas and 
avalanche slopes. In British Columbia, Hatter and Martin (1960) 
emphasized ''...the importance of winter range upon which there is a 
variety of palatable seral plants, predominantly in an early stage of 
growth, but with an intermixture of stands of older ages, including 
climax associations with some palatable coniferous species." Krefting 
(1974) reviewed moose habitat selection in north central North America 
and concluded that important habitats in the boreal forest are 
produced in the early seral stages of plant succession. As forest 
succession advances, the quality of the habitats and moose populations 
decrease accordingly. Berg and Phillips (1974) described moose habitat 
selection in relatively flat areas supporting broad expanses of marsh, 
willow, aspen and coniferous forests that are commonly found from 
northwestern Minnesota to north-central Alberta. These authors found 
that willow and associated willow habitats supported the greater 
majority of observed moose use. Seasonal use of various habitats was 


found to be directly influenced by snow depths. 


Snow conditions have been found to influence moose winter habitat 
selection in most moose ranges. In Ontario, Chamberlain (1972) found 
that under heavy snow conditions (greater than 76 cm of snow), moose 
preferred higher coniferous crown cover in mixedwood habitats of ridge 
tops and north facing slopes. During times of light snow conditions, 
moose preferred a more open canopy, flatter areas and south, east and 


west facing slopes. Telfer (1970) noted that moose in Nova Scotia 


A: 


often congregated on knolls and hill tops when snow depths began hindering 


movements. These sites supported preferred stands of young pine and 
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juniper and an abundance of deciduous growth that was available with a 
limited amount. of wandering. Dorn (1970) found that wintering moose 
often concentrated on wet lowlands in mountainous regions in Montana. 

In Wyoming, Harry (1957) reported that moose moved down from the 
mountain summer ranges to concentrate on the willow and cottonwood 
communities along lowland river valleys during winter. Knorre (1959) 
reported that moose winter habitat selection in the Pechora-Ilych Game 
Preserve in the Soviet Union was dependent on the availability of browse 
in relation to snow depth, hardness and crusting conditions. Kelsall 
and Prescott (1971) reported that snow depths of 70 to 90 cm are 
considered to restrict moose movements. Specific studies on the effects 
of snow on moose habitat selection have been reported by Nasimovitch 


(1955), Des Meules (1964), Kelsall and Prescott (1971) and Coady (1974). 


Neu et al. (1974) and Chamberlain (1972) indicate the paucity of 
useable information on preferred moose winter ranges. Neu et al. (1974) 
described a statistical method of determining preference or avoidance 
of a given habitat in relation to its availability. He found that 
moose in Minnesota selected the burn periphery areas significantly more 
than expected according to availability, while the central burn and 


unburned areas were used significantly less. 
2. Moose Food Habits 
Peek (1974) reviewed the major findings of forty-one moose food 


habitat studies and concluded that willows were the primary food source 


for moose on western ranges. Paper birch, aspen and balsam fir (Abtes 
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balsamea) were the important browse Speciesxonseastermurances. 

These findings were supported by Hosley (1949) and Pimlott (1961). 
Peek (1974) recognized the importance of local variations in browse 
preference; he also recognized that the use of herbaceous forage was 
related to the relative availability and palatability of forage in 

the area. orbs and aquatic plants were considered to be regionally 
important during the growing season, while grass and grass-like plants 
generally assumed little importance. Recent investigations by 

Jordan et al. (1973), suggest that in Isle Royale, Mimesota, the 
seasonal use of herbaceous forage, especially aquatic plants, may 
supply moose with one or more essential nutrients, particularly sodium. 


Sodium was found to be comparatively low in woody browse. 


In Alaska, Spencer and Chatelain (1953) reported willows and 
Kenai birch (Setula kenaica) as preferred species while aspen was 
important because of its abundance. The four willows Salix bebbtana, 
S. scouleriana, S. arbusculotdes and S. bareclayt, that grow to a small 
tree size, were particularly important to moose in the Kenai area 
(Spencer and Hakala 1964). In Mt. McKinley Park, Murie (1944) considered 
Willows the major summer and winter food of moose and reported white 
and black spruce browse as unpalatable. Milke (1969) listed the important 
willows Salix intertor, S. alaxensts, S. arbusculotdes, S. pulehra 
and S. ntphoclada, in a decreasing order of preference for the interior 
Alaska area and indicated that neither the relative abundance nor 


species density affected the preferential use of willows by moose. 
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Houston (1968) and Harry (1957) reported winter moose food habit 
studies for Jackson Hole, Wyoming. Harry (1957) considered red-osier 
dogwood (Cornus stolonifera), mountain ash (Sorbus scopulina) , bog 
birch, snow brush (Ceanothus velutinus) and bitterbrush (Purshta tridentata) 
as highly palatable to moose in winter, but found their relative util- 
ization to be less than their availability. Willows comprised about 
75 percent of the winter diet and were found to contribute a greater 
proportion of the moose winter diets than expected from their availability. 
Houston (1968) found that forage preferences were related to vegetation 
type and reported Salix pseudocordata, S. tntertor, sub-alpine fir 
(Abtes lastocarpa) and bitterbrush as preferred species, those receiving 
ereaterathaneo0 percenteok thetobservedsuse,,inathelr respective 
communities. Knowlton (1960) reported willows as the major fall and 
winter food of moose in the Gravelly Mountains. While willows were the 
major summer browse species utilized, herbaceous forage contributed 71 
percent of the total diet. In south-western Montana, Dorn (1970) 
PpoOrecdstia Giorowse: accounted 017 JU. o.percent aidiJ9,.6 Dercent.oL 
moose summer and winter foods, respectively. In summer, Saltz 
myrttlitfolia, Betula glandulosa, Salix geyeritana, and Saltx plantfolta 
accountedstore > Oat j,eides. 926> and 6s7) percentyofabrowse, use respectively. 
while in winter, S. myrtillifolia, S. plantfoltia, S. bebbtana and S. 
geyertana comprised 25.0, 24.7, 15.4, and 10.5 percent of forage use, 
respectively. Dorn (1970) reported that the most important factor 
contributing to moose browse selection was the relative availability 
of each species. During the winter, availability was related to shrub 
height and snow cover. In summer, shrub growth form and species of 


suitable browse heights influenced browse utilization. Smith (1962) 
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and Stone (1971) reported that willows comprised the major proportion 
of moose winter diet in the Rock Creek area of western Montana. Salix 
discolor and S. lemmont were preferred over S. commutata. Although 
red-osier dogwood was generally accepted to be a more palatable forage 
species than willows, it was less abundant and therefore less important 
on most winter ranges (Peek 1974). In the Cypress Hills, Alberta, 
Barrett (1972) reported that saskatoon (Amelanchter alnifolia), aspen 
and wild cherry (Primus spp.) comprised 56.0, 21.0, and 12.0 percent 

of the winter moose diet. Saskatoon was considered to be a more 


preferred species than willows. 


Additional moose food habit studies from North America have been 
reported by Cowan et al. (1950) in British Columbia, Dodds (1960), 
and Bergerud and Manuel (1968) for Newfoundland, Telfer (1967) for 
Nova Scotia, Dyer (1948) for Maine, Peterson (1953) for Quebec, cou 


and Krefting (1946), and Mech (1966) for Isle Royale, Minnesota. 


Egorov (1965) reviewed the moose nutrition in Yakutia, Soviet Union. 
He found moose utilized a greater proportion of the available forage 
species during the summer (66 percent) than during the winter (39 percent) 
Willow leaves, Eptlobtwm spp. and occasionally woody shoots were 
considered to be the preferred summer foods. Willow contributed 38.6 
percent and Eptilobitun spp. 32.7 percent by volume of the summer diet. 
During the winter, willows dominated the diet of moose, followed by 
Cornus alba and Chosenta spp. Winter foraging on willows was reported 
to be influenced by their availability in relation to their proportion 


of the shrub vegetation and the height and density of the groves 
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(Egorov 1965; Borodin 1959). Willows at the periphery of thickets 


were found to be browsed more intensively than those within thickets. 


Knorre (1959) reviewed the moose food habits of the Soviet Union 
and concluded that although sharply defined seasonal food preferences 
occurred, the importance of major browse species depended on their 
availability and abundance. Deciduous trees and shrubs were eaten 
in approximately equal quantities throughout the year while conifers, 
evergreen shrubs and herbaceous growth were utilized seasonally in 
relation to their availability due to snow cover. Moose requirement 
for vitamins was found to coincide with the seasonal use of conifers. 
The leafy coniferous growth was found to contain high levels of vit- 


amin C and provitamin A during the winter. 


D. Forage Selection by Ungulates 


Different species of ungulates differ markedly in their food 
habits with each species showing innate preferences for certain plants, 
parts of plants or plants in a particular growth stage (Tribe 1952; 
Heady 1964). Heady (1964) described preference as selection mediated 
by innate behavior plus learning. Many factors interact to produce a 
selective response; some of these factors include: palatability, 
conditions surrounding available forage, history of the animal and the 


physiological state of the animal (Cowlishaw and Alder 1960). 


Heady (1964) defined palatability as plant characteristics or 


characters which stimulate a selective response by animals. Similar 
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definitions, used by Young (1948), Cowlishaw and Alder (1960), NAS/NRC 
(1962) and Marten (1969), insist that palatability is a relative concept 
that is not constant for a particular food or herbivore, but depends on 


the type and abundance of associated plants. 


Many researchers have studied the relationships between chemical 
composition or nutritive value of plants and their palatability. In 
his review of palatability, Heady (1964) reported that high positive 
correlations have been found between animal preference and protein 
content, sugars, acetic, linolenic and butyric acids and ether extract. 
Lignin and crude fiber often showed a negative relationship with in- 
creased preference. Tannins were described to have a high negative 
relationship (Wilkins et al. 1953) and no correlation (Hawkins 1955) 
with preference by cattle. Leigh (1961) reported that grasses highest 
in phosphate and potash were most acceptable to livestock. Milke 
(1969) found that moose selected willow species higher in moisture, 
protein and caloric contents. Radwan and Crouch (1974) reported that 
fermentations of cellulose and moisture content were more closely 


related to preference in black-tailed deer than chemical composition. 


Conflicting results from various studies have led some resear- 
chers to consider positive relationships as extremes and concluded that 
there appears to be no consistent correlation between chemical com- 
position of forage and its preference (Hardison et al. 1954; Heady 1964). 
The total nutrient value of food species was considered a better 
indicator of palatability than any single chemical compound (Hardison 
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Westoby (1974) postulated that an optimized diet by large gener- 
alist herbivores was contingent upon their selection of appropriate 
proportions of required nutrients from a relatively fixed bulk intake. 
Nutrients which are potentially beneficial (proteins, sugars and sol- 
uble carbohydrates, minerals and carotene) would either increase pre- 
ference or would not change it. Chemicals which reduce food quality 
(crude fiber, cellulose and lignin) would either reduce preference or 
not change it. This pattern was illustrated by Marten's (1969) summary 
of the literature on the responses of preference to nutritional properties 
of foods. Ether extract or crude fat and organic acids showed only 


positive correlations. Vitamins exhibited no relationship to preference. 


Westoby (1974) related an animal's ability to select an adequate 
diet to reinforcement learning through nutritional properties at dig- 
estion time and subsequent recognition by sensory properties of foods. 
This approach recognized the necessity and occurrence of sampling 
available foods, especially uncommon or novel ones. The observed 
variation in an individual animal's forage selection would thus relate 
to what an animal would consider palatable in specific physiological 


States of growth, pregnancy and/or maturity (Tribe 1952). 


McClymont (1967) presented a model of food intake regulation that 
considered phagic behavior as a balance between facilitory and inhi- 
bitory stimuli which were integrated by the central nervous system. 
Facilitory stimuli included total energy demand, social facilitation 
and palatability. Inhibitory stimuli included rumenal distention and 


rate of food passage, fatigue through foraging, unpalatable foods, 
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social inhibition, psychic stress and nutritional, disease and heat 


SULbesses. 


Tribe (1952) indicated that an animal's food preferences must 
ultimately be explained by terms of sensory reactions, mediated by the 
environment and metabolic conditions. Krueger et al. (1974) reported 
that taste was the most influential sense affecting forage selection 
in sheep. The other senses appeared to supplement taste. Smell was 
found to be of minor importance while touch and sight were related to 
specific plant conditions as succulence and growth form. Arnold (1966) 
and Longhurst and Kepner (1968) reported that olfaction was the first 
sense used in making selection of plant parts or specific phenological 
stages of plants. Healy (1967) reported that in white-tailed deer, 
the sense of smell played a more important role in the selection of 
plant species and individual leaves and twigs than the sense of sight. 
The recognition of foods by sensory capabilities, coupled with a memory 
for associated cues has been described for deer (Longhurst et al. 

1968) and other animals (Freeland et al. 1974). Gordon (1970) illus- 
trated that domestic ruminants could generally sense and select for 
sodium but not for cobalt, magnesium or phosphorous, when deficient in 
these minerals. Cowlishaw and Alder (1960) found that sheep would 
select plants that would most readily supply their requirements for 
salts and energy (carbohydrates). Factors of dung contamination, 
fungal attack, accessibility, forage density and toughness of the 


forage interfered with this relationship. 


The external form and physical composition of a plant are pal- 


Oe 


ard yi bere lta jonnetnest 


Wied gi, ee 


ie 


it a wean Cw. 
toon neers 't Peru bi ahi 4 ne o ; wast wa 
v = 
wi toahee- ogeyvot eisai the se thi susie ape a ve a 
toate a). Tivannd ue 07 cameo. mon < wit —- 


sour shekged ars Detain: ‘e Ltitwemeaemdrresya 


(anh. blow evnd. terry fies eee ah ravi stbowa at, al 4 ae 
< i 
oo Ri 2 east wa Lee pita ed © Tene nn 04 it tu fi 


sant 


‘/. 

nloec® Sita Ta) sTee 50k a0 ala saion polite at vem 

1 i 
ay 


Ree ee ee vO E) Ghagil As dio a 
to noi loa eta G2 olin RAST + pas Dea y ed bagel Liew we 
ty : aii. A ‘We? ) Cpt: SS revansaied “min ous ee. , 
won a foiw balglee weltahidenes ¥igeane ee Ie moLateagone' 8 
1 $m, Terie eri, ae eee ee i aes . 
ach {i. (OF OL): rele)... (Cian? an et | etal > ee E vention vogo bo Si 
14% -Iasine ih: weret Vifaged hy oh aswel etvanionn: re 


= 


pi anes! aia anthy | ental  neaA zis adit ; 

— hemar quarts. Sarto" dante) Cie iy welt ste. asia te, i 

b gore (ape, sine pal chiar em tt 

| ‘«), Letrodientiva ad wieerniee SY re 

oa haan aioe 
te a eer 
ae aa Pe? ee AY 


fl “th, ; 
aL 
7 , a = . J : co 
: : I 7 7 
7 ee 
= a 7 J TD 
Ne mea . : 

i i 

7 if 


Sl 


atability factors expected to influence animal forage selection (Heady 
1964). Preference may be related to presence of awns, spines, hairiness, 
position of leaves, stickiness and texture. Tribe (1952) described 

the works of Davies (1925) illustrating how palatability was influ- 
enced by the degree of harshness, hairiness and succulence in pasture 
grasses, and Beaumont et al. (1933) showing that the physical property 


of toughness was of importance in forage selection. 


Mineral soil amendments, forage use or clipping that influence 
the growth and maturity of a plant also affect the relative amounts of 
certain chemical compounds that influence palatability (Cook et al. 
1953; Heady 1964). Russell (1958) illustrated that nitrogen fertili- 
zation often increased the cell size without proportionate increase in 


cell-wall material, so the plants were more succulent and less harsh. 
E. Nutritive Value of Shrubs 


Studies relating the nutritional value of shrubs to wild ruminants 
in northern regions are limited. Chemical analysis of forage plants, 
including shrubs, used by barren-ground caribou (Rangtfer tarandus 
groenlandicus) were reported by Scotter (1972) and for muskoxen 
(Ovtbos moschatus) by Tener (1965). Kobota et az. (1970) examined the 
mineral composition of browse plants used by moose in Alaska. Milke 
(1969) reported the chemical analysis of four species of willow used by 
moose in the interior of Alaska. The chemical composition of rumen 
contents, rumen fermentation and energy requirements of moose in Alaska 


were reported by Coady and Gasaway (1972) and Gasaway and Coady (1974). 
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Roberts (1948) reported a survey of the carotene and ascorbic acid 
content of moose browse in northern British Columbia. Cowan et al. 
(1950) examined the effect of forest succession upon the nutrient values 
of woody plants used by moose in British Columbia. Total carbohydrates, 
proteins, ether extract and ascorbic acid content were found to decrease 
and carotene and total mineral content were found to increase as the 
forest approached its climax stage. Jordan et al. (1973) found that 


moose browse on Isle Royale contained extremely low levels of sodium. 


Further south, studies relating the nutritional value of shrubs 
to white-tailed deer include reports by Alkon (1961), Hellmers (1940), 


Swank (1956), Urness (1969) and Swift (1948). 


Ullrey et at. (1964; 1970; 1972) studied the digestability of 
cedar (Thuja occtdentalts) and aspen (Populus grandtdentata) browse 
for white-tailed deer in Minnesota. Short (1966) and Short and Reagor 
(1970) examined the effects of cellulose on cell-wall digestability of 
shrubs used by mule deer in Colorado. In Texas, Short et al. (1974) 
reported that the cell-wall constituents were negatively related to 
voluntary food consumption and the rate and extent of forage diges- 
tability in small ruminants. Ward (1971) reported in-vitro digestion 
coefficients of 34.6 and 37.3 for saskatoon and red-osier dogwood 


using bull elk (Cervus elaphus) rumen innoculum in Wyoming. 


Seasonal changes in nutritive and mineral composition have been 
described for red-osier dogwood and mountain maple in Minnesota 


(Fashingbauer and Moyle 1963), sourwood leaves (Oxydendrum arboreum) in 
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Virginia (Harshbarger and McGinnes 1971), aspen (Populus tremulotdes) 
in Utah (Tew 1970) and for selected shrubs used by mule deer in 
Colorado (Short et al. 1966; Dietz et al. 1958; 1962). Dietz (1972) 
illustrated the seasonal variation of nutrients and mineral content of 
shrubs important to deer in South Dakota. Seasonal changes of 
nutrients in selected shrubs used by black-tailed deer in Oregon were 


reported by Hines (1973). 


The general trend of the above studies illustrated that protein 
levels were the greatest in young leaves and meristematic tissues. 
Protein levels in both leaves and stems decreased progressively through- 
out the growing season. Translocation of nitrogen from the leaves to 
the stems before leaf abscission was reported by Kramer and Kozlowski 
(1960). Protein levels remained relatively stable during the dormant 
season, although Dietz (1972) found that some shrubs showed an inc- 
rease in protein from fall to winter. With a few exceptions, acid- 
detergent fiber, lignin and cellulose content of woody twigs increased 
from spring through winter, with the most rapid increase occurring 
during the transition from summer to fall. Fats tended to decrease 
in shrubs with seasonal progression through July, then increased in 
fall and winter (Dietz et al. 1962). Hines (1973) found considerable 
variation in crude fat levels of four shrubs at different seasons. 

Ash content of leaves tended to decrease through the growing season, 
then increase from summer to fall. Ash content of stems decreased 
during the growing season and appeared to reach a stable level during 
the dormant season (Dietz 1972). Calcium content in browse generally 
increased and phosphorous generally decreased through the growing season; 


no consistent trend was observed during the winter. 
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McHargue and Roy (1932) reported that in twenty-three species of 
deciduous trees, the young leaves contained the largest percentages 
of phosphorous, potassium and nitrogen. The mature leaves, at the 
end of the growing season, contained the largest percentages of ash, 
Silica and calcium. Different species of trees showed considerable 
variation in their content of copper, manganese, zinc, iron and mag- 


nesium but showed no consistent trend through the growing season. 


Hundley (1959) found a difference in the available nutrients in 


selected deer-browse species growing on different soils. 


Fashingbauer and Moyle (1963) reported the protein, fat, nitrogen- 
free extract and mineral content of the upper one-third of twigs were 
ereater than that of the lower two-thirds. The reverse was found with 


regard to moisture and crude fiber. 


Kautz (1969), Bailey (1967) and Blair and Epps (1967) have shown 
that terminal sections of certain browse plants have a higher protein 
and lower fiber content than subterminal portions. Short et al. (1971) 
illustrated that in-vivo dry matter digestibility were greater in the 
terminal segment of American beauty berry (Callicarpa americana) twigs 
than in lower segments. Digestibility of the terminal twig portions 


were found to decrease abruptly when twig elongation neared completion. 


F. Shrub Response to Simulated and Natural Browsing 


Browse utilization studies and clipping projects in the Kaibab 


nae 
on eee ang ar : 
thai 2 isle nie atag Se eee | 
afugratl eites baWadé. Seora 
wiht bin mort" BAsey panes: 7 
, Tuscsteul’ eeu Bet paar set 
fh, bd ae 
at atetitiy sidpitevir eat i Sine on | ea 
Ae sires oie saben koe wet 


doar? 


orew zatiey ‘ds dave oer, Sad He ‘vores Lined balk teh Sa a 


(Aviw, tout aby aera oil, eve ow som” “ther tts das Sth 
elt sh en neat i | 


’ 


east jae vntatorgy eit Lassen ivseti anger! Bits soueripnident 7 ¥ 
tg 
7 


7 
\ 


quieaie: ywed (S927) el toca ES EM hate roe) altel pero | 
xing over “geil d a eval time3 ote at ai kre Be nik 

[7Ol)\ 2a oe via deal sree ‘alert cd ae 
wat rl tetany atl er) Liha ire ee 
epic? (umodgeies arsed iat} ‘iad abet fe 


aS 


National Forest have provided information on some effects of twig 
removal and the desirable level of use for quaking aspen (Populus 
tremulotdes) and Stansbury cliffrose (Cowanta stanburtana) (Julander 
1937). Young and Payne (1948) provided similar information from a 
Six year study on redstem ceanothus (Ceanothus sanguineus), saskatoon 
service berry (Amelanechter alnifolta), Utah honeysuckle (Lontcera 
utahensts) and rose (Rosa spp.) in northern Utah. Other simulated 
browsing studies to determine the optimum level of use for shrubs 


were reported by Steinhoff (1959), Neff (1963) and Lay (1965). 


The effects of clipping on nine hardwood trees and white cedar 
(Thuja occidentalis) in the Lake States region were investigated by 
Aldous (1952). After six years of study, Aldous concluded that for 
white cedar, less than 15 to 20 percent of the annual growth could be 
removed without adverse effects. Mountain maple (Acer sptcatun), 
white birch (Betula alba), beaked hazelnut (Corylus cornuta), willow 
(Salix spp.) and black ash (Fraxinus nigra) produced well under mod- 
erate to heavy use while mountain ash (Sorbus americanus), red-osier 
dogwood and red-berried elder (Sambucus racemosa) could not withstand 
heavy use. No attempt was made to differentiate between the species 


of willow used in this study. 


Garrison (1953) investigated the resistance of five shrubs to 
various intensities of twig removal by clipping in eastern Oregon 
and Washington. The species studied were antelope bitter brush (Pur- 
shia trtdentata), snow brush ceanothus (Ceanothus velutinus), rubber 


rabbit brush (Chrysothamus nauseosus), creambrush rock spirea 
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(Holodiscus discolor) and curl-leaf mountain mahogany (Ceracarpus 
ledtfoltus). The clipping intensities used were 25, 50, 75 and 100 
percent, and were conducted from four to seven years. Garrison con- 
cluded that clipping generally stimulated twig production to the 
detriment of flower and fruit production. Changes in shrub form and an 


increase in average twig lengths were reported. 


Cook and Stoddart (1960) reported that the clipping of herbage 
from one side of big sagebush (Artemesta tridentata) plants resulted 
in higher lignin and cellulose concentrations, whereas clipping of 
half of each twig over the entire plant gave higher yields of ether 
extract, protein and carbohydrates. These authors also concluded 
that there was little or no translocation of manufactured food from 


one side of the plant to the other. 


Krefting, Stenlund and Seemel (1966) studied the effects of sim- 
ulated and natural browsing on mountain maple during an eleven year 
study in Minnesota. This study concluded that natural browsing and 
artificial clipping of mountain maple stimulated regrowth, but that 
browsing intensity was not a dominant factor. On natural deer-browsed 
shrubs, the total number of twigs and the total and average twig lengths 
were greater than on unbrowsed clumps. With continued moderate 
clipping, the total number of twigs was found to decrease and the total 
and average length of twigs to increase in comparison to unclipped 
shrubs. The weight per 1,000 inches of annual growth was found to 
vary between years but illustrated a direct relationship with clipping 


intensity. 
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Harlow and Halls (1972) reported that yellow poplar (Ltriodendrom 
tultptfera) seedlings whose terminal and lateral twigs were clipped in 
summer were significantly shorter, smaller in stem diameter and had 
shorter twigs than those clipped in winter. Dogwoods (Cornus florida) 
clipped in summer were significantly larger in stem diameter, lower in 


dry weight production and had shorter twigs than those clipped in winter. 


The response of old bitterbrush shrubs to topping was studied on 
winter deer range in Idaho (Ferguson and Basile 1966). Topped shrubs 
produced nearly nine times as much twig growth as the control shrubs 
one year after manipulation. In subsequent years, topped shrubs out- 


produced control shrubs, but at a declining rate. 


Shepherd (1971) examined the effects of clipping on key browse 
species during a twelve year period in Colorado. Plants of five species, 
including service berry, oak brush (Quereus gambelit), mountain 
mahogany, antelope bitter brush and big sagebrush, were subjected to 20, 
40, 60, 80 and 100 percent clipping of the current annual growth! 
and a ''destructive" level of treatment that removed all the CAG and a 
portion of the older growth. Browse production, in terms of number and 
weight of CAG stems, increased during the study for service berry, 
mountain mahogany and big sagebrush plants subjected to moderate and 
heavy clipping. Antelope bitter brush was found to be most sensitive 
to clipping at all intensities and decreased in both browse production 
by weight and number of current annual stems. The "destructive" clipping 


treatment was found to have a general debilitating effect on all species. 


lHereafter referred to as CAG. 
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METHODS 


A. Vegetation Measurements 


The canopy cover and frequency of occurrence of all plant species 
in the sedge meadow, willow savanna, patterned fen and aspen willow 
plant communities were measured during 6 to 21 July, 1972 and 1973. 

In each plant community, two 200 x 500 m macroplots were established. 
In each macroplot, 40 to 200 microplots were located on a stratified 
random manner using a baseline and a random numbers table, following 
the method described by Daubenmire (1968). In each 20 cm x 50 cm 

(0.1 m*) microplot, the canopy cover class midpoints (%) were recorded 


for each species present. The canopy cover classes used were: 


Range Midpoint 

O° -" 5% 25% 

6 - 25% 15.5% 
26: = 50% 38.0% 
eH ote he 63.0% 
70" = 95% 85.5% 
96 - 100% 98.0% 


Frequency of occurrence was calculated as a percentage of plots 


in which each species occurred in a particular plant community. 
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The canopy cover of shrubs and trees (greater than 0.5 m in 
height) in the aspen-willow, willow-savanna, patterned fen and three 
shrub communities: Saltx maccalliana-Betula glandulosa, Salix discolor- 
Salix bebbtana-Saltx maecalltana and dense Saltx bebbtana stands, 
were measured by the line intercept method. Ten transect lines, 30 m 
in length, were located in a random manner in each community. The 


canopy cover of each species was calculated as percent cover. 


Annual herbage and browse production was measured at the end of 
the growing season, during 15 to 31 of August 1972 and 1973, in the 
sedge meadow, willow savanna, aspen-willow pattemed fen and willow- 
shrub communities. Location of production microplots within the 
macroplots previously established followed the stratified random method 
described above. Microplot sizes were 20 cm x 50 cm (0.1 m?) for 
nerbaceous vegetation and woody seedlings less than 40 cm in height 
and 50 cn x 100 cm (0.5 m*) for shrubs and trees greater than 40 cm 
in height. Herbaceous vegetation was clipped at ground level while 
current annual growth (CAG) of woody vegetation was clipped from 
ground level to 2.1 min height. Herbage and browse were clipped by 
hand, sorted to species or forage type and placed in paper bags. 

These samples were oven-dried within 24 hours at about 60°C and weighed 
to the nearest 0.1 gm. The average dry weight of each species or 

forage type (per microplot in each community) was converted to dry 
weight production per unit area (kg/ha). Woody plant production was 
expressed as available browse, that which was readily obtainable by 
moose (ground level to 2.1 min height). Summer browse was converted to 


available winter browse using a coefficient of twig: leaf ratios of 
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common species in each commmity. Twig leaf ratios were calculated 
from the oven-dried weights of leaves and twigs separated for 
determination of moisture content as described in the methods for 
nutrient analysis. Forage production among the three sedge-dominated 
communities and among the five willow and forest communities were 
statistically compared by analysis of variance and Duncan's new 


multiple range test. 


B. Moose Population and Habitat Use 


Pe ACT al OUIVeYS 


A general reconnaissance flight was conducted on 21 January 1974 
using a Cherokee 6 aircraft. The reconnaissance flight was flown at 
an altitude between 90 and 150 m (agl) and an air speed of about 
210 km/h. The flight covered a line between the North Channel of the 
Mackenzie River, the study area and Fort Providence. A brief search 
pattern was flown over the willow flats along the North Channel and 
the Site Two study area. The two observers were the pilot and the 
author. All moose observed and the plant community in which they were 


located were recorded. 


A strip census of the Site Two study area was conducted on 22 
January 1974 using a Cessna 180 aircraft. The strip census was flown 
at an altitude between 150 and 1380 m (agl) and an air speed of about 
140 km/h and covered 94.6 km of transect. Two observers, assisted by 
the pilot recorded all moose occurring within a strip 0.4 km wide on 


' either side of the aircraft. The angle of sight to determine transect 
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width was marked by guides: one on the observer's window and the other 
on the strut of the aircraft. The plant communities in which moose 


were observed were also recorded. 


A winter moose density was calculated for the general region, 
using all moose observed on the two aerial surveys. Moose densities 
in willow-dominated communities in the Site Two study area were 
calculated from the observations during the strip census. Moose 
densities were calculated by dividing the number of moose observed 
by the area covered (0.8 km x transect length) in the respective 


surveys. 


Zee Cllec-Croup Counts 


Pellet-group counts were conducted in mid-May during 1973 and 1974. 


Patocaieor 047 belt transects, 2 mexeou m (a DlOb Size ot 0.1 ha), 

were located in a random manner within macroplots in the aspen-willow, 
willow savanna and patterned fen communities in the Site Two study 
area. In each transect, all moose pellet-groups of the previous winter 


period were recorded. 


Moose utilization (expressed in days use/hectare) was calculated 


for each plant community in 1973 and 1974, using the following formula: 
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where D = days-use/ha, aoe = sum of pelIei-gioups recorded in the 
jth plant commmity, and ti = number of transects surveyed in the 
i plant community. The assumed moose defecation rate of 13 pellet- 
groups per day followed that described by Neff (1968) and Timmermann 


(1974). 
3. Moose Winter Food Habits 


Moose winter food habits were examined in the aspen-willow, willow 
savanna and patterned fen communities in the Site Two study area. 
The relative use of available browse was determined on each macroplot 
shortly after leaf-flush, in mid-May in 1973 and 1974. Browse species 
greater than 0.4 m in height were located using the point-quarter 
method (Smith 1966). The availability of current annual browse and 
the current and past use of browse by moose was recorded using the 


browse use and availability-hedging form classes (Tables 1 and 2). 


Browse availability was determined by observation of normal min- 
imum and maximum browsing heights occurring on the study area. A 
shrub was judged to be entirely available when more than 90 percent 
of the current annual leader production fell between 0.4 m and 2.5 m 
in height, partially available when greater than 10 percent and less 
than 90 percent of the current annual growth fell within the browse 
range and unavailable when greater than 90 percent of the current 
annual growth was above 2.5 min height. Use of browse outside the 
assigned availability range, such as the breaking of branches above 


2.5 m, was recorded. 
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Table 1. Browse use classes indicating the percent of CAG! removed. 


RANGE MIDPOINT 
non-use 0 
1-9 5 
10-49 30 
50-89 70 
90-100 95 


lCurrent annual growth. 


Table 2. Browse availability and hedging form classes. 


1. All available - no hedging 
2. All available - lightly hedged 
3. All available - moderately hedged 


4, All available - heavily hedged 


Se meartiallyeavallable no hedging 

6. Partially available - lightly hedged 

7. Partially available - moderately hedged 
8. Partially available - heavily hedged 


9. Decadent -— due to overbrowsing 


10. Unavailable 
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In this study the amount of previous browse utilization on a shrub 
is defined as a degree of hedging. The degree of hedging is used as 
a measure of the extent of repeated (yearly) use of a plant. A plant 
was judged to be slightly hedged if less than 33 percent of the annual 
leader growth of one preceding growing season had been utilized. 
Moderate hedging was defined as browse utilization of greater than 
33 percent of one previous season or repeated use of less than 33 
percent of the CAG. Heavy hedging was defined as repeated use of 


greater than 33 percent of the available leader production. 


Winter use of the current annual leader growth by moose was re- 


corded as a percentage of the available browse on each shrub and assigned 


the midpoint values of the leader use classes in Table 1. An age class- 
ification was assigned to each shrub to differentiate availability due 
to shrub height, growth form and age. The age classifications used 


was: seedling, young, mature, decadent and resprout. 


Winter browse use was analyzed by comparing the composition and 
relative use of each browse species in each plant community. Browse 
use was converted to percent of shrubs and percent of CAG browsed of 
each species. The Chi-square binomial distribution (Steel and 
Torrie, 1960) was used to determine the goodness-of-fit by comparing 
the overall observed and expected frequency distributions. The 
expected frequency distributions were obtained by multiplying total 
observations of use by the proportion (percent composition) of each 
browse species in the plant commmities following the method des- 


cribed by Neu et aZ. (1974). If a significant difference was found 
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between the two distributions then it was concluded that moose were 
not utilizing browse species in proportion to their availability. 

Where a significant difference between species availability and use 
occurred, the Bonferroni Z statistic (Bonferroni normal statistics 
(Millar 1966)) was applied to the observed values, providing confidence 
intervals for each species (Neu et aZ. 1974). If the observed value 
fell within the interval, it was concluded that moose were using the 
species in accordance with its availability. If the observed value 
fell above or below the interval, moose were considered to be ex- 
hibiting an avoidance of, or preference for that browse species, 


respectively. 


Ground observations of moose forage use during winter were re- 
corded during 18 to 21 January, 1974. These observations were un- 
systematic and consisted of following recent moose tracks for 
approximately 100 m whenever tracks were encountered during other 
field work. Information recorded for each track observation included: 
the plant commmity in which they occurred, the movement pattern 
among shrubs during feeding, the browse species eaten, the height of 


browse use and other observations such as cratering activity. 


4. Moose Summer Food Habits 


Moose forage use during summer was recorded each time it was en- 
countered during the May to September field seasons in 1972 and 1973 
and in mid-August 1974. When recent tracks or evidence of browsing 


were encountered they were followed for about 100 m and the following 
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information recorded: the plant community, the species of herbaceous 
or browse plants eaten and for shrubs, the plant portions (leaves 
and/or twigs) eaten, the amount of CAG removed and the previous browsed 


condition of the plant. 


C. Investigation of Willow Nutrient Content 


1. Collection of Browse Samples 


The CAG from six species of willow was collected at four week 
intervals from 8 May to 1 September 1973 and in mid-January 1974. 
Samples of all species except Salix candida, were from the willow 
savanna commmity; Saltx candida samples were from the patterned fen 
community. Six individual shrubs were selected as replicates for each 
of browsed and unbrowsed Saltx bebbiana and S. discolor and browsed 
S. candida. Pooled samples of CAG were collected for unbrowsed 
Saltx candida, S. maccalliana, S. gracilis and browsed S. padophylla. 
Pooled samples of browsed Salix candtda, S. bebbiana, and S. dtscolor 
were collected for analysis of chemical content of twig portions 


(thirds). 


When a sample was collected from an individual shrub, the CAG was 
collected to represent all aspects of lateral and terminal secondary 
stems within the available moose browsing range (0.4 to 2.5 m). For 
a pooled sample, the CAG from a minimum of ten individual shrubs was 
collected. Each shrub was arbitrarily divided into quadrants, and the 
CAG from one secondary stem at 1.5 m height was collected from each 


quadrant. 
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Individual willow shrubs were selected in a random manner within 
a representative portion of the plant commmity. Where browsed and 
unbrowsed individuals were compared, the closest unbrowsed shrub to a 
designated browsed individual was selected. On subsequent sampling 
dates, plants were selected that had not been disturbed by previous 
sampling or recent moose browsing. In this part of the study, a 
browsed shrub was required to have been moderately to heavily browsed 


by moose for three years, including the preceding dormant seasons. 


The CAG of each browse sample was separated to leaves and twigs 
and where twig portions were to be compared, the lower, mid and upper 
twig thirds were separated. Leaves, twigs and twig portions were 
then weighed, oven-dried at 65°C for 48 hours, reweighed and the per- 


cent moisture calculated. 


2. Chemical Analysis 


Proximate analysis of willow browse samples was conducted at the 
University of Alberta. A pooled sample of each species (5 - 10 in- 
dividual shrubs) from the early summer and winter collections were 
analyzed for crude fat (ether extract) and phosphorous at the Soil and 


Feed Testing Laboratory, Alberta Department of Agriculture, in Edmonton. 


The nitrogen content of browse samples was determined by the 
Dumas method, using the Coleman Model 29A, Nitrogen Analyzer. A 
conversion factor of 6.25 was used to convert percent nitrogen to per- 


cent protein (Maynard and Loosli 1969). Acid-detergent fiber and 
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acid-detergent lignin content (lignin) were obtained by the procedure 
described by Van Soest (1963a; 1963b). The ash content was obtained 
by the combustion of a 2 gm sample in a muffle furnace, following a 
method described by Isaac and Kerber (1971). The calcium, magnesium 
and sodium contents were determined with an atomic absorption spectro- 


photometer (Isaac and Kerber 1971). 


Sample sizes of the above nutrient determinations (June to January 
sampling periods) were: for moisture, nitrogen, acid-detergent fiber 
and lignin, five or six samples each of leaves and twigs for browsed 
and unbrowsed Saltx bebbtana and S. discolor and browsed S. candida, 
and a pooled sample of leaves and twigs from ten individual shrubs 
for unbrowsed S. candida, S. maccalltiana, S. gracilis and browsed 
S. padophylla and twig portions; for ash, calcium, magnesium and sodiin, 
three samples of twigs and a pooled sample of leaves (5 - 6 shrubs) 
for browsed and unbrowsed S. bebbtana, S. discolor, and browsed S. 
candtda, and a pooled sample of each leaves and twigs (from 10 
individual shrubs) of unbrowsed S. candida, S. maecalliana, S. gractlis 
and browsed S. padophylla and twig portions. Pooled samples of twigs 
(10 shrubs) of each species were used from the May collection period. 
Two replications of each sample were conducted for nitrogen, acid- 
detergent fiber and lignin. Only one measurement of ash, calciun, 
magnesium, sodium, phosphorous, crude fat and moisture were conducted 
per sample. Nutrient levels were described by a mean and standard 
deviation (when given) using all replications for each species and 
browsed condition at a particular sampling period. Nutrient levels 


among species and browsed conditions at each sampling period and 
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among sampling periods for each species and browsed condition were 
tested for significant differences using the analysis of variance to 
determine whether a significant difference occurred and Duncan's new 


mltiple range to identify which means were significantly different. 


D. The Response of Willows to Natural and Simulated Browsing 


1. Simulated Browsing 


Browse clipping studies, which simulate moose browse use, were 
conducted on two species of palatable willows to examine the effect 
of varying degrees of browsing on CAG production. Simulated browsing 
treatments were conducted on Salix bebbtana and S. discolor, in the 
Willow savanna community of Site One. This area was chosen because of 
its light browse use in previous years. Salix candida was not in- 
cluded in the simulated browsing study because it could not be found 
in adequate density in the Site One area. Salix candida was abun- 
dant only in the patterned fen community of Site Two, where the dis- 
tances were too great to facilitate the transport and construction of 


protective wire cages. 


Two 150 x 175 m macroplots, were delineated within representative 
portions of the willow savanna commmity in Site One. Within each 
macroplot, points were located in a stratified random design 
(Daubenmire 1968). At each point, the four closest willows were chosen 
if they met the following criteria: a) appropriate species, b) 
between 0.5 and 2.0 m in height, c) relatively distinctly separated 


from other shrubs, and d) had not been browsed by moose. Measure- 
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ments of height, crown diameter, basal diameter (15 cm above the 
ground) and the number of main stems recorded. Treatments of each 
shrub were determined in a random manner and tagged with color coded 


plastic flagging. Ten replications of each treatment were established. 


The simulated browsing treatments removed 50, 75 (hedged) and 
100 percent of the CAG from the appropriate shrubs. The 50 and 100 
percent treatment removed 50 or 100 percent of each current annual 
twig while the hedged treatment removed about 75 percent of the outer 
Jateral and terminal Teadérst™ The*/5 percent clipping treatment, 
described in this study as "hedged'', was included to approximate more 
closely the actual effect of heavy moose browsing; it nomally 
concentrates on the outer, more available twigs. The control shrubs 
were measured and tagged, but not protected by wire cages. Ten 
replications of controls and each simulated browsing treatment were 


established for each species. 


The dates of treatment were 21 June and 25 August 1972, to coin- 
cide with the expected low and high portions of the shrub carbohydrate 
cycle. Eight treatment replications were conducted on Salix bebbtana 
during the dormant season, 28 December 1972, to examine differences 
between early fall and winter effects of browsing. In both species, 
the CAG from the 100 percent clipping treatment was retained, oven- 


dried and weighed. 


In August 1973, the CAG of treated and control shrubs were measured. 


Five secondary stems were removed from each shrub in a stratified man- 
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mer to include one stem from each lateral quadrant and from the ter- 
minal portion of the crown. The number, lengths and oven-dried weight 
of the current annual twigs were measured and recorded. The diameter 
and age of secondary stems were measured just below the lowest branching 
point (Figure 2). Production and size of current annual twigs, stem 
ages and stem diameters were compared among treatments by analysis 


of variance and Duncan's new multiple range test. 


In this study, a secondary stem was defined as a unit of shrub 
growth, comprising a major branch supporting the current annual growth 
and terminal branches in the foliage zone (Figure 2). Selection of 
this unit was based on field observations of the relatively uniform 
branching pattern and size of major and secondary stems that were 
characteristic of each willow species. This uniform branching pattern 


occurred in willows in both browsed and unbrowsed conditions. 


2. Natural Browsing 


Two willow species in Site Two were selected to examine the effect 
of moose browsing on the production of current annual twigs. Saltz 
bebbtana was the willow selected in the willow savanna community and 
Salix candida was the other willow selected in the pattemed fen 
community. These species were chosen because they exhibited noticeable 


variation in intra-specific browse preference by moose. 


Subsamples of secondary stems from moose browsed and unbrowsed 


shrubs, were selected in a random manner from the total available within 
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Figure 2. Characteristic branching pattern of Salix bebbtana and 
Saltx candida shrubs, illustrating the secondary stem units. Each 
secondary stem unit comprises a major branch supporting the terminal 
branches and current annual growth in the foliage zone. 
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the macroplot. Moose browsed shrubs selected, were required to have 
three years of moderate to heavy utilization, including the preceding 
dormant season.! The number, lengths and oven-dried weights of the 
current annual twigs per secondary stem were measured at a point immed- 
lately below the last branch. Differences in current annual twig pro- 
duction and diameter of secondary stems between browsed and unbrowsed 


shrubs were analyzed using an unpaired Student's test. 


Within mature, moderately browsed Salix eandida clumps, the number 
and length of the current annual twigs were measured on secondary stems 
having different browse histories. These measurements were recorded 
in late August 1972. Differences in twig production among secondary 
stems were compared by analysis of variance and Duncan's new multiple 


Bangentesc. 


F, Edaphic Variables 


Soil temperature and soil moisture were monitored at four week 
intervals from 8 May to 1 September, 1973. The soil sampling data 
were coincident with sampling of willows for chemical and nutrient 


COnLCENT. 


Ten sampling plots were selected on a stratified random basis in 
the willow savanna, aspen-willow and patterned fen commmities. At 
each sampling plot, one moisture sample and two soil temperature 
1Browse use in previous years was evaluated by examining the twig 


branching pattern on secondary stems and counting the number of 
terminal bud leaf scars and dead browsing points (Figure 12). 
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measurements (°C) were collected at the following three depths: 


Depth Class Soil Moisture Temperature 
A 0-15 cm 38 cm 
B 15-30 cn orem 
G 30-45 cm 38 cm 


Depths to frozen soil or permafrost were recorded where applicable. 
In the wet sedge meadow, soil temperature’ and soil moisture were 
monitored during June July and August in conjunction with forage pro- 
duction experiments. No measurements were taken in May because these 
meadows were flooded during the spring snow melt. Thirty control 
sampling plots were selected on a stratified random manner, Soil 
moisture measurements were collected at the A, B and C depth classes 
previously described, and soil temperature was measured at the 10 cm 


and 20 cm depths. 


Soil moisture samples were stored in soil moisture tins, weighed, 
and then oven-dried (65°C) for 48 hours. Samples were reweighed and 


the percentage moisture calculated using the following equation: 


: _ (wet weight - dry weight) x 100. 
Percent moisture “es Say welgith 


A soil pit was dug near the center of each plant community and 


the soil profile was classified to the appropriate order. 
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RESULTS 


A. Vegetation and Soils 


1. Sedge Meadow Communities 


The wet sedge meadow or Carex atherodes-Carex aquattlts-Scolochloa 
festucacea community was characteristic of lowland sites where surface 
water generally persisted to the middle of the growing season. The 
soils were Rego Gleysols overlain by 15 to 20 cm of fibrous peat. Soil 
moisture levels remained high during the 1972 growing season but dec- 
reased rapidly during the 1973 growing season due to an early spring 
thaw and limited rainfall. Soil temperatures reached a peak of 11.2°C at 
8 cm and 8.7°C at 20 cm below the ground surface in mid-July 1973. The 
microtopography was characterized by peaty hummocks 15 to 45 cm in | 


height (Appendix B). 


Wet sedge meadows were dominated by Carex atherodes which con- 
tributed about 70 percent (1,847 kg/ha) of the mean total annual pro- 
duction of 2,535 kg/ha (Table 3). Carex aquattlts and Scolochtoa 
festucacea were locally abundant and had a mean production annually 
of 227 kg/ha and 232 kg/ha respectively. Calamagrostis tnexpansa 
grew mainly on peaty hummocks and contributed 180 kg/ha. Common 
secondary species, including Galtwn trtfidun, Mentha arvensis, 
Seutellaria galericulata and Petasttes sagittata, contributed to the 
46 kg/ha of forb production. Less common species recorded in this 


community are listed in Appendix A. 
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Table 3. Mean annual production (kg/ha, dry weight) of herbage 
and browse in sedge dominated communities. 


PLANT COMMUNITY 


Wet Sedge Dry Sedge Patterned 

Species or Forage Group Meadow! Meadow? Fen-Meadows? 
n3= ines 100 90 

Carex atherodes 1,847 846 278 
Carex aquattlts 228 122 455 
Calamagrostts tnexpansa 183 191 
Scolochtloa festucacea 22 32 
Forbs 46 234 10 
Saltx candtda 27 
Saltx bebbtana 100 
Saltx maccallitana 16 
Total Herbaceous Pak te Bs, T.04 742 
Total Available Browse 116 pad | 
Total Available Production* 2,535 1,820 76 


1Mean production from 1972 and 1973 growing seasons. 

*P-oduction measured on lysine 19173: 

3n = numbers of 20 cm x 50 cm sample plots. 

“Values within the same row followed by a common letter are not 
Sioniricantly difterent, (P<0.05). 
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A "dry" sedge meadow community was recognized on better drained 
Sites. This commmity was dominated by Carex atherodes, and had a 
high cover of Calamagrostis tnexpansa (75%) and a greater variety 
and a higher production of forbs (234 kg/ha) than the wet sedge 
meadows. Mean annual production was 1,704 kg/ha of herbage and 
116 kg/ha of browse (Table 3). This community appeared to be 
transitional between the wet sedge meadows and the willow savanna 


communities. 
2. Patterned Fen Community 


This community was characterized by small sedge fens or meadows 


separated by low dendritic ridges that paralleled the drainage pattern 


(Figure 3). The fens covered 75 percent and the ridges 25 percent of 
the community. The patterned fens were poorly drained; surface water 
was present in the troughs between the peat hummocks of the fens for 
most of the growing season. Although the ridges were somewhat drier, 
the organic soils retained a high moisture content throughout the 
frost-free season (Figure 4). The organic soils of the ridges and 
fens were described as Cryic Mesisols. They were underlain by 
permafrost which receded to about 75 cm in August. Temperature of 
surface soils at 8 cm and 23 cm reached a maximum of 10°C and 6°C, 
respectively, in early August 1973 (Figure 4). Anaerobic conditions 
and calcareous marl deposits were characteristic of the saturated 


fen soils. 


Carex aquatilis was the dominant plant of the sedge fens with a 


Sy. 


Bball last <chnetis, 
aru xtnary a he mos 
aqboe ta tet oust Per: me , 

anal ee <2 

ius ceed Go what yt cain mn 

wr . . 7 

ait om biegaut sian aD «TE etdeT) 

crompae yeti. et aR 


+ 


comn ent sybhac Tisde ve igs (auanele wot Z 
she Huet eb ere oe etary Alt phi sonnel 
do rqicrae gh cable, at bn erent Gis ew 
catse :betihagh (iteoe yraK egal Larenang 4 | | 
: oft Ve, dolce! s02q ofld iemined pam 
yalrb. Leedtic- Spine aaghi ats rhgorldlA he, | 
ania. arate weer ete id i eal ware 

one: | ee ig ‘Big no artis Snes aa My conrt 

e eka! salina grew Nett, pata 12 2 2 


Loe seepegele, eal iad + he : RY wie a * 
28 bees Popa niet 7 Sahay bd 


- ; | - fh z 
enor t copes, aiden ath & — gee iis + 
en i 2. : - =) 1? 


Figure 3. The patterned-fen plant community from aerial (above) 
and ground (below) perspectives, showing the distribution of sedge 
fens and the intervening willow dominated ridges. 
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Patterned fen: Ridges 
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Figure 4. Moisture (%) and temperature (°C) in the 8 cm (A), 23 cm 
(B) and 38 cm (C) soil depth classes in ridges and meadows of the 
patterned fen community from May to September. 

(£ = frozen soil conditions). 
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Table 4. Canopy cover (%) and frequency of plants in the aspen-willow, willow savanna 
and patterned fen communities. 
PLANT COMMUNITY 
Willow Savanna Patterned Fen Aspen-willow 
SPECIES ridges meadows 
Saltx bebbtana cover 22 36 
frequency 40 50 
Saltz discolor cover 3 3 2 
frequency 6 4 2 
Saltx candida cover +1 HG) 7 
frequency ce 32 14 
Saltx padophylla cover 2 10 
frequency 3 18 
Saltx maccalliana cover di 10 + 4 
frequency 4 14 1 7 
Saltx gracilts cover i) 
frequency 16 
Saltx glauca cover 8 
frequency 18 
Betula glandulosa cover + 30 + 12 
frequency i 43 1 24 
Myrica gale cover 18 + 
frequency 36 wl 
Shepherdia canadensis cover + 13 
frequency 3 él 
Rosa acicularis cover 2 5 3 
frequency 8 28 13 
Rtbes oxyacanthotdes cover 2 + 
frequency 4 + 
Ledun groenlandicus cover iL 
frequency 2 
Populus tremulotdes cover a 35 
frequency 3 38 
Populus balsamifera cover 4 
frequency 7 
Picea glauca cover + 9 
frequency + 19 
Picea martana cover 4 
frequency 8 
Lartx laricina cover a 
frequency 2 
Carex atherodes cover i} 1 15 ai 
frequency 36 3 1 3 
Carex aquatilis cover 6 40 60 
frequency 16 81 94 
Carex sartwellit cover 5 
frequency 16 
Carex qurea cover i 
frequency 3 
Carex deflexa cover i} 
frequency Vd 
Juncus balticus cover 4 
frequency 15 
Calamagrostis inexpansa cover 74 20 22 11 
frequency 95 49 40 39 
Scolochloa festucacea cover ii 
frequency 4 


lyalue less than 0.5 percent. 
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Table 4. continued. 


PLANT COMMUNITY 


Willow Savanna Patterned Fen Aspen-willow 
SPECIES ridges meadows 
Elymus tnnovatus cover 5 
frequency 23 
Agropyron trachycaulun cover 6 il 
frequency LA 2 
Hordeun jubatun cover 3 
frequency aie 
Poa palustris cover 2 
frequency i 
Aster junetforms cover 4 
frequency 40 
Fragarta virgintana cover 7) 10 
frequency 31 66 
Astragalus agrestts cover 8 1 
frequency 16 3 
Stachys palustrts cover 2 2 
frequency 25 26 
Achtllea millefoltun cover 1 1 
frequency id 21 
Galtun boreale cover 1 1 
frequency ig ig 
Thaltetrun oeetdentale cover 1 
frequency 10 
Petasttes sagittata cover i! i 
frequency 7 2 
Mentha arvensts cover il + 
frequency 6 16 
Eptlobtun angusttfoltum cover 1 1 5 
frequency 3 16 34 
Stellaria spp. cover Z i 
frequency 15 20 
Triglochin marttima cover ab 1 
frequency 3 1 
Rubus acaulis cover af + 4 
frequency 27 4 37 
Arctostaphylos uva-urst cover 1 4 
frequency 12 16 
Linnea borealis cover i 
frequency 5 
Potentilla palustris cover 2 Z 
frequency 12 10 
Pyrola asarifolta cover il 
frequency 14 
Equtsetum sctrpotdes cover 2 
frequency 10 
Geocaulun ltvtdun cover il 
frequency 10 
Polygonum amphtbiun cover 2 


frequency 15 
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canopy cover of 60 percent (Table 4) and a production of 455 kg/ha in 
1973 (Table 3). Carex atherodes was locally abundant near the 
periphery of the sedge fens. Total shrub cover in the meadows was 


about 11 percent. 


The low ridges! varied fron 0.3 to 1.5 m in height and 3 to 15m 
in width. Many of the ridges had depressed centers and appeared to 
be formed by frost action in the adjacent fens. Black spruce and 
larch were apparently the climax species on the ridges, but only a 
few remnants had survived the former fires. Young black spruce and 


larch had a canopy cover of about 5 percent (Table 4). 


The ridges were dominated by a variety of shrubs in two overlap- 
ping zones. Salix candida and Myrica gale predominated on the lower 
Slope of the ridge while Betula glandulosa, Saltx padophylla and ae 
maccalltana shared dominance of the upper slope and top of the ridge. 
Secondary shrub species included: Salix discolor, Rosa actcularis 
and Ribes oxyacanthotdes. The available browse production on the 
Tidgesswas 15239 kg/ha in 1973 (Table 5). Forage production in mea- 


dows is shown in Table 3. 


The herbaceous cover was dominated by Carex aquattlis with Calama- 
grostts inexpansa, Potentilla palustris and Equisetum scirpotdes as 
secondary species. Carex aquatilis produced 89 percent (223 kg/ha) of 


the total herbage production in 1973 (Table 5). 
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The total available production of the patterned fen commmnity 
was 948 kg/ha. Herbaceous forage contributed 65 percent (619 kg/ha) 
and browse 35 percent (330 kg/ha). The available winter browse was 


67 kg/ha. 


3. Shrub Communities 


Poorly drained lowlands on minerotrophic soils were characterized 
by extensive stands of willow and bog birch (Betula glandulosa). The 
soils were classified as Rego Gleysols that have an organic surface 
layer 10 to 15 cm thick, over a thin, dark colored organic-mineral 
horizon over stratified silty clay. These commmities were flooded 
during spring run-off and the soils remained wet and cool throughout 
the summer. Frost cracks, up to 30 cm in depth, and low spreading 
hummocks were common in localized areas. The dominant overstory spe- 
cles varied with the site characteristics and the moisture continuun 


from the wet sedge meadows to the willow savanna. 


The Saltx maccalltana-Betula glandulosa commmity formed low, 
dense stands, 1.2 to 2.4 m in height, with a canopy cover of about 65 
percent (Table 6). Secondary shrubs included: Salix discolor, S. beb- 
btana and S. candida. (Characteristic understory species were Carex 


aquatilts, Calamagrostts tnexpansa and Rubus acaults. 


Dense stands of a Betula glandulosa community occurred infrequently 


in the study area; but formed extensive stands in the surrounding area. 
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Table 6. Canopy cover (%) of shrubs in two willow dominated 
communities. 


PLANT COMMUNITY 


Saltx dtscolor- 


Saltx macecalltana- Saltx bebbtana- 

Shrub Species Betula glandulosa Saltx maecalltana 

cas 10 10 
Saltz bebbtana 2p8) 9.0 
Saltx discolor eae Gee 
Saltx gractits 0.1 0.4 
Saltx maccalltana 22769 gaa 
Saltx padophylla iia £0 
Saltx candida SA 1.8 
DOLUGHEDP. Oa 0.6 
Betula glandulosa 20.2 Seif 
Populus tremulotdes eee ie ea 
Rosa actcularts Orgs = 
TOTAL SHRUB COVER OG? 40.6 


1n = number of 30m fine-intercept plots. 
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Saltx discolor, S. bebbtana and S. maccalliana occurred as co- 
dominant overstory species in shrub communities characterized by nun- 
erous small sedge meadows. Betula glandulosa was a common understory 
shrub, The canopy averaged three meters in height and had a 40 per- 
cent cover (Table 6). Carex atherodes and Scolochloa festucacea 
dominated the meadows while Carex aquatilis and Calamagrostis 
tnexpansa were common under the willow cover. The edge effect of 
these small meadows appeared to increase the availability of browse 


for moose. 


Dense stands of mature willow, 1.8 to 4.6 m in height, were 
dominated by Saltx bebbiana. Associate shrubs were S. discolor and 
S. gractlis. The understory was light and characterized by 
Calamagrostis inexpansa and shade-tolerant forbs. The majority of 
browse was unavailable to moose due to the height and maturity of | 


the stands. 


The average herbage and browse production of all willow domin- 
ated commmities combined from 1973 and 1974 are given in Table 5. 
The mean production of available browse was 1,406 kg/ha, and ranged 
from a high of 2,225 kg/ha in dense low shrub communities to 
702 kg/ha in dense stands of mature Salix bebbiana. Using the average 
leaf to twig ratio (3.9:1) of willows in open shrub communities , 
approximately 280 kg/ha of browse is available to moose in winter. 
The mean herbage production was 562 kg/ha. Carex aquatilits and 
C. atherodes contributed 62 percent and grasses, primarily Calanagrostis 


inexpansa, provided 26 percent of the total herbage production. 
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4. Willow Savanna Community 


The willow savanna community was described as a Calanagrostis 
tnexpansa-Carex atherodes grassland dominated by willows that are 
distributed relatively uniformly throughout the community 
(Figure 5). Willows were distributed singly or in small clusters 
with a mean distance of 6.5 m between shrubs greater than 0.5 m 


in heveng. 


The soils of the willow savanna community were an Orthic Gleysol 
with a thin organic surface layer (L-H), 3 to 8 cm thick, over a 
black organic Tamera horizon (AH), 8 to 13 a anak. Over stratitied 
and gleyed silty clay. The presence of a discontinuous B horizon 
indicates a development toward an Orthic Ilumic Gleysol. The soils 
were imperfectly drained and retained soil moisture above drought 
point throughout the growing season in 1973 (Figure 6). Soil 
temperatures rose rapidly in June and reached a maximum of 15°C at 


8 cm and 12°C at 38 cm in August 1973. 


Mean frequency and canopy cover of major species in the willow 
savanna community are listed in Table 4. The total shrub cover was 
38.6 percent and was dominated by Salix bebbitana (58 percent of the 
total cover). Secondary species: Salix gracilis; S. discolor, s. 


padophylla and S. maccalltana contributed 19, 7, 5, and 3 percent, 


respectively, of the shrub cover. Saltx candida occurred sporadically 


and became more frequent toward the transition zone between the 


willow savanna and poorly drained communities, particularly the 
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Figure 5. The willow savanna plant community from aerial (above) 
and ground (below) perspectives, showing the scattered distribution 
of willows in a Carex atherodes - Calanagrostts tnexpansa grassland. 
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Figure 6. Moisture (%) and temperature (°C) in the 8 cm (A) 23cm 
(B) and 38 cm (C) soil depth classes in the willow savanna and aspen- 
willow communities from May to September. 
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patterned fen commmity. Scattered aspen clones were established 
on better drained sites. Invasion of aspen into the willow savanna 
community appeared to be limited by seasonal fluctuations in soil 
moisture conditions. The total production of browse below 2.1 m 


was 442 kg/ha while the winter browse was 87 kg/ha (Table 5). 


The grassland cover was dominated by Calanagrostis tnexpansa 
(74530) with Caren "atnerodes * (12206) 5 -C.aquacilis’ (5054), "C2 
sartwelltt (5.4%) and Agropyron trachycaulum (6.1%) as secondary 
species (Table 4). Common forbs included: Astragalus agrestis, 
Aster junetformis, and Fragarta virgintama with a cover of 7.5, 4.2 
and 6.5 percent, respectively. Total herbaceous production 


averaged 678 kg/ha (Table 5). 


5. Aspen-willow Community 


The mesophytic uplands and better drained lowlands were dominated 
by a Populus tremulotdes-Salix bebbtana-Shepherdta canadensts-Elymus 
trnovatus plant community. Occasional patches of white spruce occurred 
as relics of the former climax forest. Evidence of previous fires 
were observed in the form of charred logs and fire-scarred mature 
aspen. Young, regenerating white spruce were common but of 


sporadic occurrence. 


The mean frequency and canopy cover of herbaceous and browse 
species in the aspen-willow community are given in Table 4. Both 


frequency and canopy cover varied between upland and lowland sites 
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and appeared to be related to soil moisture conditions. Generally, 
the aspen formed a moderately open stand of trees, 15 to 20 m in 
height and averaged 15 cm d.b.h.,! while mature trees reached 30 cm 
d.b.h. Aspen cover varied between 35 and 47 percent. Scattered 
balsam poplar, generally located in moist sites, had a mean cover 
of 4 percent. A distinct tall shrub layer was dominated by willows, 
primarily Saltx bebbtana, and had a canopy cover of 36 percent. 
Shepherdta canadensts and Rosa actcularits formed a low shrub layer. 
Herbaceous cover was characterized by Elymus tmovatus, Calamagrostts 
tnexpansa, Fragaria virginiana and Eptlobiun angusttfoltun. 
Aretostaphylos uva-urst tormed the majority of ground cover on the 


drier sites. 


Total available forage production varied from 731 kg/ha in up- 
land sites to 530 kg/ha in lowland sites (Table 5). Herbaceous 
production was considerably higher in upland sites (196 kg/ha) than 
in lowland sites (39 kg/ha). The mean browse production was 520 kg/ha, 
of which Shepherdia canadensis contributed 40 percent (207 kg/ha), 


and willows 43 percent (224 kg/ha). 


Other available browse, including Rosa acicularis, Amelanchter 


alntfolta, aspen and balsam poplar, had a mean production of 89 kg/ha. 


ldbh = diameter at breast height 
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Willows in the aspen poplar community had a leaf to twig ratio of 


9.4:1, reducing the palatable winter browse to about 22 kg/ha. 


B. Moose Abundance 


A total of 26 moose were observed over 309 km flown during 


aerial surveys in January, 1974. The average density of moose in 


the region was estimated at 0.21 moose per square kilometer. 


Seventeen moose were recorded in the Site Two study area, yielding 


an observed density of 0.47 moose per square kilometer. The density 
of moose in willow dominated communities was 0.9 moose per square 
kilometer. No moose or moose tracks were observed in the aspen-willow 


or mixedwood communities. 


C. Winter Habitat Use 


1. Use of Plant Communities 


The pellet-group survey showed moose used the willow savanna and 
patterned fen communities considerably more than the adjacent aspen- 
Willow community (Table 7). The willow savanna community sustained 
S.2eand 125 days-usei per nectare in*1975-and. 1974, respectively, 
while the patterned fen community sustained similar use in both 
years (an average of 2.4 days-use per hectare). The aspen-willow 
community sustained low use, averaging 0.4 days-use per hectare, 


in both years. 
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Observations of pellet-group distribution within a community 
showed that localized areas received greater use than other portions 
of the same community. Field observations also indicate a change 
in plant community use during the winter. In mid-winter, nearly 
all moose and moose feeding activities were observed in the 
patterned fen community. In the following spring, considerably 
more moose winter browse activity was observed in the willow savanna 
than had been observed during mid-winter. Local residents reported 
greater movements of moose, particularly crossing the highway near 
the study area, during late February and in March than during early 
winter periods. This increase in moose activity was also reported 


to generally occur when snow depths increased and began crusting. 


The change in intensity of use of plant commmities between 
years shown by pellet-group counts (Table 7) is also shown by the 
amounts of CAG browsed by moose (Table 8). The magnitude of change 
in total browse use in the willow savanna between the winters of 
1972-1973 and 1973-1974 is similar to the decrease in days-use per 
hectare between these winters. This relationship between total 
browse use and days-use per hectare also follows for the 


patterned fen and aspen-willow communities (Tables 7 and 8). 


Z. Moose Winter Food Habits 


Moose winter browse use was examined in three plant communities 


by comparing the composition and relative use of deciduous browse 


(Table 9). Goodness-of-fit comparisons showed that the expected 
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Table 8. Percent of available CAG! browsed by moose 
in three phant communities during two winters. 2 


PLANT COMMUNITY 


Winter Willow Savanna Patterned Fen Aspen-willow 
1972-73 12.4 Dew Ph Js 
1973-74 4.5 oir deeG) 
MEAN Tad ied 1b) 


Icurrent annual growth. 
2Data derived from Table 9. 
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distribution of browse use differed significantly from the occurrence 


of browse species in each plant community (Table 10). 


In the willow savanna community, the number of Saltx bebbtana, 
S. candida and S. padophylla shrubs browsed were significantly 
greater than expected according to availability. No Saltx 
maccalltana and S. gracilis shrubs were browsed. They were 
considered unpalatable species avoided by moose. The number of 
Saltz discolor, Populus tremulotdes and P. balsamifera shrubs browsed 


fell within the range expected according to availability. 


A similar trend of browse preference and avoidance is shown by 
the amount of CAG browsed from each species (Tables 9 and 10). 
Salix padophylla had the highest proportion of individual shrubs browsed 
(68.8%) and the most CAG browsed (46.3%), followed by Saltx candida 
with 36.5% of the shrubs browsed and 18.3% of the CAG browsed. The 
amount of browse removed from both species was significantly greater 
than expected according to availability. Browse use of Saltx bebbtana 
and S. discolor, 8.5% and 8.9% respectively, fell within the range 
expected. While the number of Salix bebbtana shrubs browsed was sig- 
nificantly greater than expected, the total amount of CAG removed 
was not, indicating that moose removed less CAG from each browsed 
Saltx bebbtana shrub than browsed Saltz padophylla and S. candida 


shrubs. 


In the patterned fen community only Saltx candida sustained 


Significantly greater use than expected. Browsing on about 40 percent 
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of Salix candida shrubs removed about 14 percent of the CAG. Saltzx 
bebbtana, S. discolor and S. padophylla were browsed in approximate 
proportions of their abundance in this community. Salix maccalliana 
and Betula glandulosa sustained significantly less browse use than 


expected according to their availability. 


In the aspen-willow community, the number of Saltx bebbtana and 
Populus tremulotdes shrubs browsed were significantly greater than 
expected. Saltx bebbtana comprised 52 percent of the available browse 
shrubs and contributed 66 percent of the total browse use from about 
8 percent of its population. Browse use of uncommon palatable willows 
including Saltx discolor, S. padophylla and S. glauca fell within 
the range of use expected according to availability. Salix maccalliana 
and Betula glandulosa did not sustain any browse use. Because of 
the small sample size of CAG browsed, 1.5% of that available in the 
aspen-willow community, no significant differences between observed 


and expected use of CAG were found. 


A comparison of browse use in relation to shrub height of common 
willows in each community showed the use of CAG on shrubs that were 
all available were not greatly different from shrubs that were 
partially available (Table 11). However, individual shrubs of Salix 
bebbiana and S. discolor that were all available generally had a 
greater amount of the CAG browsed in the 70 percent class than shrubs 


that were partially available. 
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In the willow savanna and aspen-willow communities, moose were 
obtaining browse above the arbitrarily assigned availability height 
(2.5 m) by breaking down upper branches and feeding on the terminal 
leaders. Aithough a small percentage of the total shrubs were 
subject to this type of browse use, four or more broken upper 


branches was common on selected shrubs. 


The degree of previous browse use of various willow shrubs was 
found to have a marked influence on the current winter browse use 
pattern (Table 12). Previously unbrowsed willows sustained very 
little current use while moderate to heavily hedged willows sustained 
Mich greaterecurrenteuse i 1oure 7). Invallpreferredawi llows, ethe 
probability that a shrub would be browsed during the current winter 
mereased with the increase im the decree or previous use. For 
example, in the willow savanna, only five percent of previously 
unbrowsed Saltz bebbtana shrubs were browsed during the current winter 
while 93 percent of the shrubs that nad sustained heavy use in previous 


years were again browsed by moose. 


The degree of previous use also influenced the amount of CAG 
removed from a shrub (Table 12). On previously unbrowsed shrubs the 
intensity of current browse use was low, generally within the 5 and 
30 percent use classes. On moderate to heavily hedged shrubs the 
current browse use removed a considerably higher proportion of the 
CAG, generally within the 30 and 70 percent use classes. This 
direct relationship of greater use of CAG on shrubs with greater 


levels of previous use is best illustrated by moose selection and use 


an elapse 2 

Latieres ale ‘sn ae re 
onea mthy eroe S toe 
redqn, mage tom te fetid 


‘ — ‘ = 


i 7 Fi - 
2 
| ae 
ee) TIT TE ash th RO Ra ee scone d ing ¥ 
te ravcrrd RIAL | FH oF nts ~~ amie 
row Leniess: rol Cl oawortion cated. pe 
Aistzue ewli Tie Gap! beat ne Iv @OlL Och atersbom othe oat os | 
nis enalide boresteng eal ait erat) out sora 9 ips. . 
author jdteytus vat “yer ta ciornd t- biggie erate A edt pei | 
vwaun woivetd, ernie ks or orci ais ae a wn Sf 
ee wot} wot ae 7 


> = 


. 


eng wtbug seals haw, aotia. satinided into. be yoev 
1 Detends : pant ae om ie 
vacoe Ve heard a8 We: 

| 2 (i 
» ive ode hot ele: eUpivoes +9 sat « 
adi acirete beniyo-aang + teens Mpette lid} Aaa etcict) peer 
hare Os ost sittin shfer seg ota Sam avis soma aera 
vis eerie sybet Ai typ «$. sompoBion, m ere se 2 

ot Shy by sehen ae ‘cles be ts Doras ab a 


ri 144 
A 


ay 


Figure 7. The difference in browse use sustained by these adjacent 
Saltx bebbtana shrubs exemplifies moose browse selection in the 
Study area; the shrub on the right sustained repeated heavy use 
while the shrub on the left received no apparent browse use. 
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of Saltx discolor shrubs in the willow savanna. The amount of CAG 
browsed by moose from previously unbrowsed or lightly hedged shrubs 
was generally within the 5 and 30 percent use classes, while 
moderately and heavily hedged shrubs, generally sustained use within 


the 30, 70 and 95 percent use classes. 


Observations of moose track pattems in mid-winter indicated that 
movements between selected shrubs were not a random searching but 
a relatively direct movement between heavily hedged Saltx candida 
clumps in the patterned fen community and between previously browsed 
shrubs of several species in the willow savanna conmmity. Moderate 
to heavily hedged willows of taller species such as Salix bebbiana 
did oe discolor were visible: co'therauthorvat distances sreater 
than 100 m. Although many of the preferred Saltx candida clumps 
were nearly obscured by snow cover and poorly visible, moose appeared 
to detect their presence and move in a direct path between clumps. 
In some instances a limited number of terminal shoots protruding 
through the snow cover may have been a visual guide used by moose to 


detect this low growing species. 


Field observations showed that moose were cratering to obtain 
Saltx candtda browse from beneath the snow cover. Although the 
forelegs were used in some instances, the loose snow was nomally 


moved aside by muzzle action to expose the current annual twigs. 
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3. Summer Habitat Use 


Moose tracks and browse use were infrequently encountered in the 
study area during the growing season (May to September). Only a 
few moose were estimated to remain in the study area during the 


snow-free period. 


Moose activity was most frequently encountered in the ecotone 
between the willow savanna and patterned fen communities. Use of 
other willow dominated communities was generally light. No moose 


activity was observed in the aspen-willow commmity in this season. 


Willow browse comprised the greater portion of the observed 
forage use during the spring and summer. Moose commonly stripped 
the leaves from longer terminal leaders and rank growth but also 
used the upper portions of the current twig growth. Salix bebbtana 
and S. discolor were the major species browsed. Use of Salix candida 
was only observed on two occasions. No apparent difference in browse 
use was observed between previously browsed and unbrowsed willows. 


Use of aspen browse was recorded only once. 


Small patches of seaside arrowgrass (Trtglochtn marttima) were 
heavily grazed by moose and appeared to be preferred to other 


available forage in June and July. 
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D. Nutrient Content of Willow Browse 


1. Moisture 


The seasonal trend in moisture content of the total CAG in all 
Willows declined steadily from a mean high of 63 percent in June 
to’a mean of 53.1 percent in September (Table 13). Winter twigs 
averaged 46.1 percent moisture. The moisture content of over- 
wintering twigs, collected at the onset of leaf-flush in May, 


averaged 8.4 percent higher than those during the dormant season. 


In January, only Saltx bebbtana showed a significant difference 
(P<0.05) in moisture content between browsed and unbrowsed plants. 
Moisture content in the total CAG of browsed Saltx bebbtana, S. 
dtscolor and S. candida was generally higher than unbrowsed willows 
of the same species. This trend was most marked during June and the 
dormant season. The moisture content of the non-preferred willows, 
Saltx maccalltana and S. gracilis, generally fell within the range 
of values obtained from preferred willows. A considerable variation 
in moisture content was found among individual willows within a 
species and browsed condition at each sampling period as revealed 


by the standard deviation of the mean. 


The moisture content of leaves and twigs during the growing 
season showed the same seasonal trends described for the total CAG. 
However, the absolute moisture values were slightly lower than 
expected. This was apparently caused by desiccation during the sep- 
aration of plant parts. The mean moisture content of leaves and 


twigs at each sampling period are given in Table 13. 
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The moisture content in upper, middle and lower thirds of willow 
twigs showed the same seasonal trends described above. Moisture 
content was highest in the upper and lowest in the lower twig 


portions for all species and collection periods (Table 14). 


2. Crude Protein 


a. Current Annual Twigs 


The seasonal content of crude protein was highest in June, 
averaging 10.4 percent, when willow twigs were actively developing, 
declined rapidly by July and reached their lowest levels, averaging 
5.3 percent, in August (Table 15). A moderate increase in protein 
concentrations occurred before leaf abscission in September, 
followed by relatively stable protein levels, averaging 6.3 percent, 
during the dormant season. The protein content of overwintering 
twigs increased during the onset of leaf-flush in May. Unbrowsed 
Saltx bebbiana willows contained considerably more protein than browsed 


S. bebbtana willows during this season. 


Twig protein content varied considerably among individuals of 
a species and browsed condition at most sampling periods. Statistical 
differences between species within a browsed condition were found 
at each sampling period but these were not consistent throughout the 
year. No species of willow was markedly different in protein content 


in any collection period. 
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Table 14. 


Season 


June 


July 


August 


September 


January 


Nutrient 


Moisture 
Crude Protein 
A. D. Fiber 
A. D. Lignin 
Ash 

Calcium 
Magnesium 
Sodium 


Moisture 
Crude Protein 
A. D. Fiber 
A. D. Lignin 
Ash 

Calcium 
Magnesium 
Sodium 


Moisture 
Crude Protein 
A. D. Fiber 
A. D. Lignin 
Ash 

Calcium 
Magnesium 
Sodium? 


Moisture 
Crude Protein 
A. D. Fiber 
A. D. Lignin 
Ash 

Calcium 
Magnesium 
Sodium? 


Moisture 
Crude Protein 
A. D. Fiber 
A. D. Lignin 
Ash 

Calcium 
Magnesium 
Sodium? 


Moisture 
Crude Protein 
A. D. Fiber 
A. D. Lignin 
Ash 

Calcium 
Magnesium 
Sodium? 
Phosphorous 
Crude Fat 
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Seasonal nutrient content (%) in upper (U), middle (M) and lower (L) twig portions 
of three willow species.1 


Saltx candida 
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The crude protein content of browsed and unbrowsed willows of 
the same species differed at each collection period; however due to 
the variation among individual shrubs within a browsed condition, 
few of these were statistically different (P<0.05). Differences 
between browsed and unbrowsed willows were not consistent through all 


collection periods (Figure 8). 


Crude protein levels were highest in the terminal third and 


lowest in lower twig portions (Table 14). 


b. Leaves 


Levels of crude protein in willow leaves were highest in June 
when leaves were actively developing and decreased steadily with 
maturity (Figure 8). Protein concentrations in Jume averaged 15.4 
percent and were significantly higher (P<0.05) than the average of 


8.6 percent in September (Table 15). 


Differences in protein content among species occurred at each 


sampling period but were not consistent throughout the growing season. 


3. Acid-detergent Fiber 


a. Current Annual Twigs 


The acid-detergent fiber (ADF) content in willow twigs was gen- 
erally lowest in June, averaging 38.3 percent, increased rapidly 


by July and reached an average maximum of 47.9 percent, during mid 
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Figure 8. Seasonal variation of crude protein (%) in the current 
annual leaves and twigs of browsed and unbrowsed willows. 
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or late summer (Table 16). The sampling periods when maximum ADF 
levels were recorded varied among species and between browsed 
conditions. After the seasonal high, the ADF content exhibited a 
slight to moderate decrease and then remained relatively stable or 


decreased during the dormant season (Figure 9). 


Within species, all ADF levels, with the exception of Saltx 
gracitlts, were significantly lower in Jume than in July (P<0.05). 
Saltx gractlts maintained a relatively constant ADF content, averaging 
42.7 percent, from Jume to September and then showed a significant 
decline to 38.4 percent during the dormant season. Browsed Salix 
eamdida and S. padophylla and unbrowsed S. maccallitana also showed 
a.sionificant ‘decline, in ADF content’ from! the’ September: to the 


January collection periods. 


Differences among species within a browsed condition did not 

exhibit a consistent patter through the seasons. The ADF content 

of Saltx padophylla maintained a relatively high level during the 
growing season but was significantly lower (P<0.05) than other browsed 
species during the dormant season. The ADF content of browsed Saltx 
candida was lowest in June and highest in January in relation to other 
browsed willows (Figure 9). Of the unbrowsed willows Saltx candida 
maintained the highest and Saltx maccalltana the lowest ADF levels in 


nearly all seasons. 
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Figure 9. 


Seasonal variation of acid-detergent fiber (%) in the 


current annual leaves and twigs of browsed and unbrowsed willows. 
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Browsed plants of Saltx bebbtana and S. discolor were 
Significantly higher in ADF content than unbrowsed plants of these 
species at most collection periods; an average difference in all 
seasons of 6.3 and 6.7 percent for Salix bebbtana and S. discolor, 
respectively. This relationship did not hold for browsed and 


unbrowsed Saltx candida plants. 


The ADF content in upper, middle and lower thirds of willow twigs 
showed the same seasonal trends described above. ADF content was 
always lowest in terminal twig portions and highest in the lower 


twig portions (Table 14). 
b. Leaves 


Seasonal trends of ADF in willow leaves varied considerably among 
species (Table 16). ADF content in Salix bebbiana and S. padophylla 
planis varied little from their seasonal means of 26.2 and 19.2 per- 
cent, respectively. Saltx discolor showed a marked increase in ADF 
tron avian OL 197 epercentein June =toms1ls5 percent in september. 
Saltx candida contained the highest seasonal ADF levels, averaging 
30.5 percent, and showed a moderate increase from June to September. 
The ADF content in Salix maccalltana and S. gracilts decreased from 


June to August and then increased slightly in September. 


Browsed and unbrowsed willows of the same species showed similar 
seasonal trends in ADF content (Figure 9). Browsed Salix bebbtana 


and S. discolor plants were slightly higher in ADF content than un- 
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browsed willows of these species. The converse relationship was found 


in Saltx candida leaves. 


4. <Acid-detergent Lignin (Lignin) 


a. Current Annual Twigs 


The seasonal trends in lignin content varied among the willows 
examined (Figure 10). The lignin content of Saltx dtscolur and S. 
candida was lowest in the developing twigs in June, increased as 
the twigs matured, reached a maximum level in August or September and 
was followed by a moderate decline by January (Table 17). Saltx 
macealltana and S. bebbtana shcwed a similar trend except for a 
decline in lignin content in August followed by an increase in September 
before decreasing or remaining relatively stable during the dormant 
season. The lignin content of Saltz gractlis and S. padophylla was 
highest in June and generally decreased during the growing and dormant 


seasons. 


Differences among species varied at each collection period. 
Browsed plants of Salix candida and S. bebbtana were significantly 
higher (P<0.05) in lignin content than other willows in the dormant 


season. 


Few differences in lignin content were found between browsed 
and unbrowsed willows of the same species. Unbrowsed plants of 
Salix discolor contained slightly lower lignin levels than browsed 


plants at all sampling periods. 
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Figure 10. 


Seasonal variation of acid-detergent lignin (%) in the 


current annual leaves and twigs of browsed and unbrowsed willows. 
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The terminal third of willow twigs generally contained less 
lignin than sub-terminal portions during the growing season (Table 14). 
The middle portions contained the highest lignin content in July 
or August. The terminal third of Salix candida twigs contained the 


most lignin during the dormant season. 
oe Leaves 


The lignin content of Saltx discolor and S. candida leaves increased 
steadily during the growing season (Figure 10). Saltx discolor 
showed the greatest seasonal change in lignin, averaging 8.8 percent 
in June and 19.8 percent in September (Table 17). Lignin content 
of Saltx bebbtana leaves initially increased by July, then generally 
declined as the leaves matured. The lignin content of Saltx 
maccalliana and S. gractlis decreased between June and August, en 
increased slightly by September. The lignin content of Saltx 
padophyila averaged 7.8 percent, varied little during the growing 


season and was significantly lower than other willows (P<0.05). 


No significant differences were observed between leaves of 


browsed and unbrowsed willows of the same species. 


Se ADL ADP Ratio 


a. Current Annual Twigs 


The acid detergent lignin:acid-detergent fiber (ADL:ADF) ratios 


in willow twigs generally remained fairly constant or increased 
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slightly from early to late summer before declining during the 

dormant season (Table 18). Salix gracilis and S. padophylla showed 

a general decline in ADL:ADF with seasonal progression. Differences 
in ADL:ADF between species were not consistent at all collectim 
periods. There was a consistent trend for the ADL:ADF ratios of 
browsed willows to be lower than that of unbrowsed willows of the sane 


species. 


b. Leaves 


The ADL:ADF ratios in willow leaves showed no general trends 


between early and late sunmer collection periods (Table 18). 


6. = Cellulose 


a. Current Annual Twigs 


The cellulose content of willow twigs showed a general increase 
with seasonal progression; averaging 19.3 percent in early summer 
and 23.6 percent during the dormant season (Table 18). Previously 
browsed willows averaged 4 to 7 percent more cellulose than unbrowsed 


willows at all collection periods. 


b. Leaves 


Cellulose content of willow leaves remained relatively constant 


between early and late summer (Table 18). Saltx candtda leaves 


contained the highest cellulose levels, averaging 19.8 percent, in 
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comparison to all other willows which averaged 11.7 percent cellulose. 


Toe ash 


a. Current Annual Twigs 


The seasonal levels of ash content in twigs were similar in all 
Willows (Table 19). Ash content was highest in June, averaging 5.4 
percent, decreased through the growing and dormant seasons and 
averaged 2.7 percent in January (Figure 11). Overwintering twigs 
increased in ash content at the onset of leaf-flush and averaged 


Sa0 -PCTGent. 


Differences among species and between browsed and unbrowsed 
Willows of the same species were not consistent through the study. 
Unbrowsed willows often contained slightly higher ash levels than 
browsed willows of the same species during the latter part of the 


growing season and the dormant season. 


Ash content in willow twigs was always highest in the terminal 


third and lowest in the lower third (Table 14). 
b. Leaves 


The ash content of willow leaves generally increased through the 
growing season from an average of 4.8 percent in June to 6.4 percent 
in September (Table 18). In Salte discolor and'S. gracilis, the ash 


levels showed a marked decline in July before increasing in late 


103 


ite niweboele erew eel netel 
grik er OWA, erst, wh seoiigial = | md 

bus eapee4 saieriel fia bonny ost 

siwy gtivetaiwneyg (ae oak ‘uaa ah 
bogersun baw ail} “hae ro. Sai at 30 Yes i tors 


A ; ’ 
‘eat 


Lnewonder f Liu: baru. | intel tna Pa boners grom ceca aia! 

ee 

visio orf. Agvet Saad elena, road. an Ge eoksogie oe? who ti we. 

, ne ae ro 

aatt gloved seactedgid y bavi Tg nel reir Borel ED - a ‘ 
7 . 

( i : in (a>. : i 

ty So tiny ‘rhiye | aff (gadan ions ain 1 mat 26 ewaltiw f ies 


sean e ays wa baal mss a 


7 Oe 


fackerrat ott ad er evuiela’ sew aoe thay 2 
ea Pt “ Lideacl ins he 


7 
ah 


104 


*sie0A snotaoid ut pesmozquy,, 
*sie0h snotaAsid ut pasmolg, 


"€ =U esTMIayIO *(Sqnays QT 02 ¢ =u) aTdwes a}Tsoduod aTZuTs e worJ OA10M UOTIETASP pazepue js e JNoYATM sonTe, 


*2y8TaM Aap ese Us0198g | 
Sa ee EE a ee en: ee ae nee Se ee eee ome Se OS Ae le Me 


yd 6°S Om ey NVAW 
OF ory OSE 6° qn. 81] 10DAB x170G 
CaS Gas Oa ns an DUD1]] DIODU X17 09 
ClO 6°8 peo 0°8 Wd nyzhydopod x170g 
ces ae Toe ae an ppipuvo x~170g 
Me CaS Loe, leat isl ppipuve x1709 
58) C9 Ca, CS qn JOT OOSIp x17 09 
cao nS ey 0°9 ud LOTOOSIp L1709 
sy Uh 9 9°9 ey qn puoLqgqgeg 217095 
Bes 9-9 637 GG Ud pubiqgeg x170g 
SHAVAI 
Se EE 14s UPS 72S sae NVAW 
ae LSC Gc Cat eS = an 817 100aB X17 0G 
Gxt UG Lek Gane [easy [eG qn DUD1] ] DOODU X17 DG 
Ceec tac Ce ENS. LacS = ud v7zzhydopod x2170g 
= Cet. Cae? OY BEG = an Ig OE OLAS: 
GhiGe i Om Ogg, C0 Cll) 2 Omras Cae S70 9° SG iets ud VLU eee 
OMUM tS On Cem ey OssGe Ce ee Or 98C OOS Ecole 97.0 Ee0 <G c°S an NOU ESI BG cL. 
OR bs eG Ost Ce DEO C'S | CS O-EEOTER 106s GS 9°¢ Ug LOZONSip x170g 
ORC Be Ot 62 “OO et 70a 0 OG) ORR Ge + €0 DT O TAG ies 
TOM rer CumecsOse tec VO a66-¢c.- LO ete. -£°0: 3 029 = odd PULTGGed EUS 
SOIML 
ee ee RN ee eee 
AYVONVE qHdWaLdds LSNONV ATOL ANAL AVW uot 3 Fpuop setoeds 
posmoirg 
NOSVdS 


a a eee eee eee ee 


*SUOTJTpUuoD pasMorq OM} pue 
SMOTTTM XTS UT YyIMOIS S,UOSeeS JUsTAND oy} FO Ss8tmM} pue soaeeT uT 2 (as F UPOW) Ta Urol MeV 6 ee (aed 


9, ® Hm ad . 
C020, O10 ¢Z.6 > ‘se 
1.0.¢.2.¢ 4,£ ; 
¥ i) 248.,¢ i. 
<0 e.4.f it 
—- “. = 


i 


sesde 


Bewe 


ort 7 a as 
4 . itu 
Sa an an 
i au a 
t5 eg 
2.2 ; nj 
ve ¢@ 
to ' 
¥.2 #U 


B-) 
¥ 


aglaw gah sgeiaenypet= 
=>3 sims poijereeh Srshbnets » eensty aate’® 
-es¢ soitvade ht. begergz> 

sew evbieaig A) teawrrdi 


= 
A 


a= 
i 


- a> 
: Us bows _ 


Content 


Ash 


Percentage 


Salix bebbiana 


May June July Aug Sept Jan 


105 


Salix discolor 


Ber leaves 
e 


May June July Aug Sept Jan 
10 10 ; 
Salix candida Salix padophylla leaves 
6 
4 
2 
May June July Aug Sept Jan May June July Aug Sept Jan 
10 10 
Salix maccalliana Salix gracilis 
8 8 
6 6 
ec@eeeeew leaves es Pe 
4 ote 4 eo. pie. °° eee leaves 
AY Phe! ve ar 
ae os es twigs Reese snes twigs 
é YO Pees a IO ®ee 
2 - Se@cccce sd poccce 2 = hs CE 
May June July Aug Sept Jan May June July Aug Sept Jan 
Season 


Figure ll. 
annual leaves and twigs of browsed and unbrowsed willows. 
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summer. The ash content of Saltx padophylla averaged 8.5 percent 
through the summer and was significantly higher (P<0.05) than other 


willows at all sampling periods. 


Soe) Calcium 


a. Current Annual Twigs 


Seasonal levels of calcium content in willow twigs were generally 
lowest in June and July when twigs were actively developing, 
reached peak levels in August or September and declined or remained 
relatively constant during the dormant season. Overwintering twigs 
of unbrowsed Salix bebbtana and browsed Salix discolor contained 
considerably higher calcium levels than twigs of these species during 
the dormant season. Calcium levels in overwintering twigs of browsed 
Saltx candida and unbrowsed Salix maccalliana were slightly less than 


twigs of these species during the dormant season. 


Differences among species and browsed conditions were not con- 
sistent through the study (Table 20). Calcium levels of unbrowsed 
preferred species (x = 3.1%) were generally higher than the non- 
preferred species Salix macealliana and S. gracilis (x = 2.3%). 
Unbrowsed Salix bebbiana, S. discolor, and S. candida generally 


contained higher calcium levels than browsed willows of these species. 


Calcium levels were highest in the upper third and lowest in the 
lower third of Saltx candida, S. bebbtana and S. discolor twigs in 


all collection periods (Table 14). 
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b. Leaves 


The average calcium content in leaves of all willows combined 
showed a marked increase through the growing season from 0.73 percent 
in jJune: to Is5]1 percent in, September (Table 20)... The. calcium 
content of Salix gractlis and S. bebbtana was significantly higher 
(P<0.1) than other willows at most sampling periods. Browsed 
Willows of Saltx bebbtana and S. discolor were generally higher in 
calcium content than unbrowsed willows of these species. Saltz 


candida showed the converse of this relationship. 


9, Phosphorus 


a. Current Annual Twigs 


The phosphorous content of willow twigs averaged 0.27 percent | 
in early summer and 0.12 percent in the dormant season (Table 21). 
Differences between browsed and unbrowsed willows of the same species 
were not consistent among Salix bebbtana, S. discolor and S. candida 
or between sampling periods. Saltx padophylla contained the highest 
phosphorous content (0.15 percent) of palatable, browsed species in 


the dormant season. 


The phosphorous content in twig portions of browsed Saltx candida 


during the dormant season were highest in the terminal third (0.12 


percent) and lowest in the lower third (0.09 percent) (Table 14). 
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Table 21. Phosphorous content (%) of willow browse during 


early summer! 


Species 


Saltx bebbtana 
Saltx bebbtana 
Saltz dtscotor 
Saltx discolor 
Saltx candida 
Saltz candtda 
Saltx padophyltla 
Saltx maccalltama 


Saltx gractlts 


Mean 


lsamples eolbrected Junes6, 1973. 


Browsed 
Condition 


BR 


UB 


Early Summer 


leaves 


0.38° 
0.24 
Days 
0.28 
Oe22 
OA19 
0.38 
0.32 


0.33 


0229 


*Samples collected January 20, 1974. 
3Browsed in previous years. 
*Unbrowsed in previous years. 


“Values are from one determination of a pooled sample (n= 5 to 10 shrubs) 


and the dormant season“. 


twigs 


Oe) 


(Alberta Soil and Feed Testing Laboratory). 


Dormant Season 


twigs 


0.12 
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b. Leaves 


The phosphorous content of willow leaves in early summer 
averaged 0.29 percent (Table 21). Salix padophylla and browsed 
S. bebbtana contained the highest phosphorous levels (0.38 percent) 
while browsed and unbrowsed Saltx candida plants contained the lowest 
levels (0.22 and 0.19 percent) respectively. Differences in 
phosphorous content between browsed and unbrowsed plants of the same 


species showed the same trend as willow twigs in early summer. 


10. Calcium-phosphorous Ratios 


a. Current Annual Twigs 


The calcium-phosphorous ratio in willow twigs averaged 2.1:1 
in early summer and 4.9:1 in the dormant season (Table 22). Saltx | 
candida had the highest calcium-phosphorous ratios in both seasons. 
No consistent relationship was found between browsed and unbrowsed 


willows within a species. 
ee ueaVics 


The calcium-phosphorous ratio of willow leaves averaged 2.7:1 
in early summer (Table 22). Leaves of browsed and unbrowsed Salix 
emiarda plants. ‘contained: tne hignest ratios (5.9*1 and 3.7 :1, 
respectively) , and Saltx padophylla contained the lowest ratio 
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Table 22. Average calcium-phosphorous ratios of willow browse 


during early summer! and the dormant season*. 


Early Summer Dormant Season 
Browsed eee ae ana tig ert 


Species Condition Leaves Twigs Twigs 
Saltz bebbtana BRS 262 51 esl By (01 
Saltx bebbtana UB? pds sil eget Edaa 
Saltx discolor BR a0 1622! Beare 
Saruc dtscolor® =” UB isa beet lage at AV8zL 
Saltx candida ~ BR see tial 3 bist Pole 
Saltx candtda UB Ra | age it - 

Saltx padophylta BR iL EN TagexGil Hie 
Saltx maccatitana UB hate yelt dies oak eeu: 
Saltx gractits UB Seo dps ee Shp bea 
MEAN oe, Jaa eee Ne SE 


lsamples collected June 6, 1973. 
Samples collected January 20, 1974. 
3Browsed in previous years. 
*Unbrowsed in previous years. 
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11. Magnesium 
a. Current Annual Twigs 


The magnesium content of willow twigs was highest in June, ave- 
raging 0.38 percent, declined rapidly in mid-summer and reached the 
lowest levels, averaging 0.24 percent, in the late summer or dormant 
season (Table 23). A slight to moderate increase in magnesium content 


occurred in most unbrowsed willows in August. 


The magnesium content in Saltx maccalliana and S. gracilts twigs 
were generally lower than unbrowsed willows of palatable species. 
Unbrowsed Salix discolor plants contained higher magnesium levels 
than browsed plants of this species from mid-summer through the dormant 
season. Differences between browsed and unbrowsed plants of Saltz 


bebbtana and S. candtda were not consistent through the season. 


The magnesium content of the terminal third of willow twigs 


was markedly higher than the lower two-thirds (Table 14). 
be) Leaves 


The magnesium content in leaves of all willows except Salix ca- 
dida and browsed 3S. discolor showed a marked increase through the 
growing season. The magnesium content of all species combined aver- 


aged 0.52 percent in June and 1.04 percent in September (Table 23). 
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Salix padophylla and S. bebbtana maintained the highest 
magnesium levels, averaging 0.97 and 0.79 percent respectively, 


through the growing season. 


12), sodium 


a. Current Annual Twigs 


Sodium content of willow twigs ranged from an average high of 
0.029 percent in June to 0.014 percent in January (Table 24). 
Sodium levels generally showed a marked decrease by July when twigs 
were actively elongating, increased by August and then decreased 
again during the late summer and dormant seasons. The considerable 
variation in sodium content found within replicated treatments is 
shown by the standard deviation (Table 24). No differences between 


species or browsed conditions were evident. 


Sodium content of Saltx candida twig portions was generally 
highest in the terminal third and lowest in the lower two-thirds, 
averaging 0.042 and 0.034, respectively, through the growing season 


(Table: 14), 
b. Leaves 


The average sodium content in willow leaves from all species 
during the summer was 0.026 percent (Table 24). The seasonal trends 
in sodium content varied among species. Salix bebbtana and S. dtscolor 


showed a general decline in sodium content through the growing season. 
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These species also contained the lowest sodium levels, averaging 


0.005 percent in September. 


[Sue ciner Extract 


a. Current Annual Twigs 


Levels of ether extract (crude fat) were significantly lower 
(P<0.05) in young twigs (x = 2.1%) in early summer than in mature 
twigs (x = 4.0%) during the dormant season (Table 25). No con- 
sistent differences in ether extract were found between palatable 


and unpalatable species or between browsed conditions within species. 


Ether extract in Saltz candida twig portions during the dormant 


season was higher in the terminal third (2.4%) than in the lower two- 


tiers (tare (lableml4)s 


b. Leaves 


The ether extract content in willow leaves averaged 2.4 percent 


in the early summer (Table 25). Little variation was found between 


species and browsed conditions. 
E. Effects of Browsing on Willow Twig Production 
The general procedure of using secondary stem units to measure 


current annual twig production under various degrees of natural and 


simulated browsing was found to be workable and soundly conceived. 
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Table 25. Ether extract (%) in leaves and twigs of six willow 
species and two browsed conditions during early 
and the dormant season?. 


summer} 


Species 


Saltx bebbtana 
Saltx bebbtana 
Saltx dtscotor 
Saltx dtscotor 
Saltx candtda 
Saltx candtda 
Saltx padophyltla 
Saltx maccalltana 


Saltx gractlis 


MEAN 


lsamples collected elunen6.) 1973: 


Browsed 
Condition 


BR3 


BR 


UB 


Leaves 


he 
Dy 


2.4 


2.6 


Dat 


Samples collected January 20, 1974. 


3Browsed in previous years. 
*Unbrowsed in previous years. 
°Values are from one determination of a pooled sample; n=5 to 10 shrubs 


Early Summer 
Twigs 


ie, 


ey 


(Alberta Soil and Feed Testing Laboratory). 


Dormant Season 


Twigs 


4.6 


3.4 
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No statistical difference (P<0.05) in twig production was found be- 
tween shrubs within a treatment. Some variation, found among the 
five secondary stem samples within a shrub, was expected due to the 
stratified random sampling method that included both lateral and 


terminal stems. 


1. Simulated Browsing 


a. Saltx bebbtana 


The results from the simulated browsing treatments showed that 
both intensity and season of clipping had a marked effect on the 
growth of twigs during the following season (Table 26). Season of 


clipping had a greater effect on twig growth than clipping intensity. 


The average number of twigs per secondary stem were generally | 
higher on shrubs clipped in spring and lower on shrubs clipped in 
fall and winter than the controls. The 100 percent winter clipping 
treatment showed the most pronounced and significant (P<0.05) decrease 
in twig numbers while the 50 percent spring clipping treatment showed 


the greatest and significant increase in twig nunbers. 


The average length of twigs produced on shrubs subject to the 
100 percent clipping intensity in spring was significantly shorter 
than control shrubs. The average twig length was significantly 
larger on the 50 and 100 percent fall clipping treatments and all 


winter clipping treatments than the control shrubs. 
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The total weight of twigs per secondary stem were significantly 
higher in the 50 percent clipping intensities in fall and winter 
than in control shrubs. Willows subjected to the 100 percent clipping 
intensity in spring responded with a decrease in total weight of 
twig production but were not significantly different from the controls. 
The remaining treatments showed a 16 to 42 percent increase in total 
weight of twigs produced but were not significantly higher than the 


control shrubs. 


The mean twig weights of the 50 and 100 percent fall and winter 
treatments and the hedged winter treatment were significantly higher 
than the controls. Hedged treatments in spring and fall responded 
with a moderate increase in mean twig weight. The 50 and 100 per- 
cent spring treatment showed a decrease in mean twig weight but were 


not significantly different from the control shrubs. 


The weight-length relationship showed that 50 and 100 percent 
clipping treatments during spring resulted in shorter-smaller twigs 
than the controls. These differences however were not significant 
(P<0.05). Fifty and 100 percent clipping intensities in fall and 


winter had significantly higher weight-length ratios than the controls. 


The weight-length ratios of hedged clipping intensities in all 
seasons were greater than but not significantly different than the 


controls. 


7 
scl ” nt {is a; i a 
. 4 Ga er 


i334 og tt bd ‘or am 


f ‘ ) 453 
; _ ae, 
~~! 
fy a e 
: , ee 
j ‘i Awl 4} @ 


7 i, eer 
~~ oe ji iu sleaaai isgyra! ‘ep 
pind (out “hath Peach tania aia poi see 


S SoS oy td Gr ¥2a; Lt ae 


Lftane ans ests vs 9 


wa : 
i ; 
hi Be btu asinistd a ak es te m : ire 


a 15 


: * tb 7 esi ie c nt ome | 


bal 


The effect of simulated browsing on twig production under all 
clipping intensities were similar in the fall and winter treatments. 
Although simulated browsing in the fall and winter seasons decreased 
twig production, the combined effects of increased twig lengths and 
weights resulted in a significant increase in the available 
production of twigs. Simulated browsing under 50 and 100 percent 
clipping in spring resulted in an increase in twig numbers but a 
general decrease in twig production. Hedged clipping treatments 
responded with a moderate increase in twig production and showed the 


least variation among seasons. 
Dow Salix discolor 


The results from simulated browsing treatments on Saltx discolor 
showed several effects on the growth of twigs in the following queen 
(Table 27). However, only the 100 percent clipping intensity in 
fall showed a significant (P<0.05) difference from the control shrubs 
with an increase in mean twig weight and weight per unit length of 


twigs. 


The average number of twigs produced per secondary stem on 100 
percent and hedged spring treatments and 50 and 100 percent fall 
treatments were lower than the control shrubs. The 50 percent spring 


clipping treatment showed a 22 percent increase in twig numbers (Table 27). 


All clipping treatments except the 100 percent spring and 50 


percent fall treatments responded with an increase in total and mean 
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twig length and total and mean twig weight. The 100 percent spring 
treatment showed a decrease in these parameters. Twig production 
in the 50 percent fall treatment was slightly lower in total twig 
length and slightly higher in mean twig length, total and mean twig 
weight than the controls. (These differences were not significant 


P<0,:05)).. 


Fall treatments of all clipping intensities responded with an 
increase in twig size as expressed by the weight-length relation- 
ship. Spring treatments of 100 and 50 percent clipping intensities 


showed a decrease in twig size. 


Hedged clipping intensities showed less variation between spring 
and fall treatments than other clipping intensities. One hundred 
percent clipping intensities showed the most variation with the 
greatest decrease in twig numbers in the fall treatment and greatest 


increase in average twig weight and length. 


2. Natural Browsing 


a. Salix candida 


Woody twig production in Saltx candida plants that were heavily 
browsed by moose were significantly (P<0.05) greater in iiean length, 
total length, weight and weight per unit length than unbrowsed plants 


(Table 28). 
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Table 28. Current annual twig production of unbrowsed and moose- 


browsed Saltx candida shrubs. 


UNB ROWSED 
BROWSE PRODUCTION SHRUBS 
Number of twigs! ee 
Total length of twigs (cm)! LORE 
Mean twig length (cm) 40a 
Total weight of twigs (gm)! 50a 
Mean weight per twig (gm) 5.4 x 10 2a 


Mean weight per unit length (gm/cm) Poel elm 4 


1Production per secondary stem. 


MOOSE-BROWSED 
SHRUBS 
Fiaol 
76.7b 
Ti SOb 
Teale 
33,675% LOB 


29.0 x 10 %b 


Means within the same row followed by a common letter are not 


etenaticaitly ditterent-.(P<0,05). 


Within browsed Saltx candida clumps, the intensity of previous 
browse use! also affected twig production on those secondary stems 
during the following season (Table 29). In heavily browsed Salix 
candida clumps, the total length and mean length of twigs on browsed 
secondary stems was significantly (P<0.05) greater than unbrowsed 


stems. 


In moderately browsed Saltx candida shrubs, the twig production 
of unbrowsed secondary stems were conpared to three intensities of 
browsing! (Table 30). Secondary stems browsed the preceding dormant 
season were significantly (P<0.05) higher in total twig lengths than 
unbrowsed stems or browsed stems that did not sustain any use in the 
preceding season. Average twig lengths were significantly (P<0.05) 
greater on secondary stems browsed only in the previous dormant 
season than other intensities of use. The number of twigs per secondary 
stem were not significantly different among treatments. 


Determination or intensity of previous browse use is shown in 
Proure: 12. 
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terminal bud 
leaf Scar 


browsed only the previous 


unbrowsed secondary stem 
dormant season 


dead browsing 
point 


browsed in the last browsed in two previous seasons 
three dormant seasons but not the preceeding season 


Figure 12. Comparison of Saltx candtda secondary stems with 
different "browse histories", showing how the degree of 
browse use in previous years is evaluated by examining 
the twig branching pattern and counting the number 
of terminal bud leaf scars and dead browsing points. 
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Table 29. Current annual twig production 
on browsed and unbrowsed secondary 
stems within heavily browsed Saltx 
candtda shrubs. 


UNB ROWSED BROWSED 
BROWSE PRODUCTION STEMS STEMS 


Total number of twigs 
per secondary stem 4.4a} 3.4a 


Total length of twigs 
per secondary stem (cm) LAW Oe IEE 65.3b 


Mean length of twigs 


per secondary stem (cm) 10. 7a 19.2b 


IMeans within a row followed by a common 
letter are not significantly different (P<0.05). 
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Table 30. The effect of browsing intensity on secondary 
stem twig production within moderately browsed 
Saltx candida shrubs. 


DEGREE OF BROWSE UTILIZATION! 
BROWSE PRODUCTION A B C D 


Number of twigs per 


secondary stem 16.7a* 13.8a 18.9a 18.6a 
Total length (cm) of CAG 

per secondary stem LORD a: L3422b 145.6b 103.14 
Mean twig length (cm) 5 16.2) 10.4b Sena, b 7T@la 


lA, No previous browsing (control). 

B. Browsed only the previous dormant season. 

C. Browsed in two or more dormant seasons, including the 
preceding season. 

D. Browsed in previous dormant seasons, but not the preceding 
season. 

Means within same row follow by a common letter are not 

significantly different (P<0.05). 


ee Ho” seskanas dk 3 iM vad Far a ‘toadt caves 
roettond yes iNttw nabs ob nbae 
is a 


bo 
i s y ra an = 
Eo GaSe (Ee - 
( ae 
t< 


; : ve ; : = we} 7] 
‘yntTas TITTY, ReWOKG BO Fag 


a ee 


hed tad oe Be _ — ei i 


se thot Seon) ese 

Smenhen Jreeaeab  wWeyeIg at) ‘ine vee 

sila Bhs : spueate inser oe 26, O98 apd 

| 0 knw 3 
pathwdat oly, ion, 3:46 eee aa any Nhe eekveeg ot. 


Sowip WER Sorel oes; h TO wal let wot ane cit 
(ed, a) diated ee 


ee set bs wa ie ss 


129 


b. Salix bebbtana 


Twig production in browsed Saltx bebbiana shrubs was signifi- 
cantly different from unbrowsed shrubs (Table 31). The mean length 
and weight of twigs, total twig length and mean weight per unit 
length of current twigs per secondary stem were significantly (P<0.05) 
greater in browsed shrubs than unbrowsed shrubs. The total weight 
of twig growth per secondary stem on browsed shrubs (6.7 gm) was 
nearly double that of unbrowsed shrubs (3.5 gem). The difference 
was Significant at P<0.1. Although the total length of twig pro- 
duction on umbrowsed shrubs averaged about 50 percent higher than 
browsed shrubs, this difference was not significant (P<0.i). ‘the 
mean age and diameter of secondary stems at the base of the first 
lateral branches in unbrowsed willows were not significantly diff- 


erent than browsed willows. 
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DISCUSSION 


A. Nutritive Value of Willows for Moose 


A good quality forage is considered to be highly palatable, 
having optimum levels of various nutrient components, a high apparent 
digestibility, optimum proportions of volatile fatty acids, adequate 
levels of minerals, vitamins and trace elements and is efficiently 
converted into the components necessary for the animal body (Dietz 
1970). Kobota et al. (1970) found the seasonal availability of 
browse and herbaceous forage largely determined the levels of nutrient 
elements in the diet of moose. The level of nutrient intake is 
generally high in summer when many different kinds of plants are 
available, and low in winter when twigs are the primary source of 


feed. 


1. Crude Protein 


The crude protein content of willow leaves and twigs generally 
decreased as the current annual growth matured (Figure 38). The 
protein content of willow leaves declined from an average high of 
15.4 percent in June toré.6 percent in’ September. «A more rapid de- 
crease in leaf protein content between the August and September 
sampling periods coincided with a general increase in twig protein 
levels. Kramer and Kozlowski (1960) attributed this type of seasonal 


change to trans-location of nitrogenous compounds from leaves to the 
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stems before leaf-abscission. The crude protein content of willow 
twigs was highest in June, averaging 10.4 percent, decreased rapidly 
during the period of active twig elongation in July, increased 

before leaf-abscission and then remained fairly constant or showed 

a Slight increase during the dormant season. Protein levels of 

winter twigs averaged 6.3 percent. The seasonal changes in protein 
levels in willows were similar to the seasonal changes reported for 
three Alaskan browse plants; aspen, paper birch and willow (Salix spp.) 
(Kobota et al. 1970). However, the Alaskan plants showed no appre- 
Cciable difference in protein concentrations between summer twigs and 
Winter twigs. Tew (1970) found that the protein content of aspen 
leaves decreased with maturity, averaging about 17 percent in June, 
compared tovll.8 percent: in September. “Scotter (1972) found “the crude 
protein levels in Salix glauca twigs near Inuvik, Northwest Territories, 


were lower during the growing season thanduring the dormant season. 


The protein content in leaves and twigs generally showed little 
variation among the six species of willow at most sampling periods. 
Differences among species were not consistent throughout the year. 

This may be due to the phenological characteristics of plant 

nutrients that are specific to each species (Short et az. 1966). The 
protein content of willow twigs during the dormant season ranged be- 
tween 5.7 and 6.7 percent. Due to the variation among willows of the 
same species, few significant differences were found among species of 
the same browsed condition. Considerable variation in nutrient 

content within species has also been shown for aspen in Utah (Tew 1970). 


The protein content in willow twigs during the dormant season was 
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Similar to protein levels reported for willows in Alaska (Milke 1969; 


Kobota et al. 1970) and Wyoming (Houston 1968). 


Browsing was found to have a small influence on the protein 
content of the CAG. Leaves of browsed willows averaged 8 percent 
more protein than unbrowsed willows. Twigs of browsed Saltx bebbiana 
and S. candida shrubs contained more protein than unbrowsed willows 
of these species during leaf-flush (early June), however, this 
difference was not consistent during other seasons. These data 
indicate that browsing may have delayed the phenological maturity 
of twigs resulting in comparatively higher protein levels early in 
the growing season. Nutrient quality has been shown to vary directly 
with growth stage (Short et al. 1972). The absence of consistent 
differences in protein content between browsed and unbrowsed shrubs 


of the same species agrees with the findings of other studies. 


Shepherd (1971) reported no significant differences in protein content 


in shrubs subjected to seven years of clipping treatments. Dietz 
(1965) concluded that prolonged heavy browsing would probably not 


affect shrub nutrient content. 


Examination of consecutive twig segments from browsed willow 
shrubs showed a progressive decrease in protein content from terminal 
to lower twig portions (Table 14). This trend was found at all 
collection periods and was most marked in the overwintering twigs 
in May and in the new succulent growth in early June. Short et al. 
(1972) showed the relative digestibility of current twigs is 


directly affected by the changing nutrient content associated with 
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phenological change. Digestibility and nutrient quality of woody 
cells was shown to diminish as cells matured because cell walls 
thickened and became lignified and cellular protoplasm decreased. 
Differences in nutritional quality between terminal and lower twig 
portions may also be related to the relative amounts of highly 
digestible inner bark tissues and relatively indigestible woody 
tissues found in each segment. Inner bark and cambial tissues 
contain more minerals, sugars and proteins than woody tissues during 
winter (Short et al. 1972). The progressive decrease in crude protein 
from the apex to the distal portions of twigs has also been found 

in red maple (Acer rubrum), black cherry (Prunus serotina) (Cowan 

et al. 1970), red-osier dogwood (Fashingbauer and Moyle 1963) and 
Rocky Mountain juniper (Juniperus scopularum) (Kautz 1969). Cowan 
et al. (1970) also found that the level of crude protein increased 
in the terminal portions of dormant twigs as the growing season 


approached. 


The nutritional requirements for moose have not been established, 
but information on the nutritional requirements for domestic 
ruminants (NAS-NRC 1970) and white-tailed deer (Dietz 1965) provide a 
comparative basis. Dietary protein levels for white-tailed deer 
have been suggested as 13 to 16 percent for optimum growth and as 6 
to 7 percent for maintenance (French et al. 1955). If crude protein 
levels fall below 6 to 7 percent, rumen functions are seriously 
impaired (Dietz 1965). NAS-NRC (1970) recommend a minimum of 5.9 
to 7.8 percent crude protein for maintenance of beef cattle. If 


moose requirements are similar, the willow browse in the study area 
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contained adequate amounts of crude protein for growth and 
lactation during spring and early summer, but the winter diet of 
woody twigs would be marginally adequate for maintenance. The 
average protein in winter twigs of preferred willows (6.2%) does 
not reach the 7 percent level recommended as a minimum for browse 


on good deer range (Dietz et al. 1962; Dietz 1965). 


However, the protein content of browse selected by moose may 
be expected to be higher than that reported for the total CAG. 
Terminal portions of winter Saltx candida twigs contained 7.2 per- 
cent protein, about 13 percent more than the total CAG: Comparison 
of protein levels in the entire twigs of browsed and unbrowsed 
shrubs of the same species reveal that terminal portions of less- 
rank growth would contain an even higher crude protein content. 
Various food habit studies have shown that domestic and native 
ungulates can select forage containing more crude protein than the 
average available on the site (Hardison et al. 1954; Heady 1964; 
McClymont 1967). Dietz and Yeager (1959) found that mule deer 
preference for big sagebrush in late winter and early spring was due 
to its having higher protein levels than other species during that 
period. Moose have also been found to select individual plants or 
Species containing higher protein levels than the average available 


in the area (Bergerud and Manuel 19638; Milke 1969; Peek 1974). 
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2. Carbohydrates 


The seasonal trends of acid-detergent fiber (ADF) and acid-det- 
ergent lignin (ADL) varied among species and browsed conditions 
within species. The generality that ADF and ADL in current annual 
leaves and twigs increase with seasonal progression (Dietz et al. 
196Z3< Van Soest, 1966;¢ Laycock» and \Prices1970)\ did-notshold:formvall 
Willows examined. The ADF and ADL content in twigs of most species 
showed a marked increase during the summer and a moderate decline 
during late summer or dormant season. The leaves and twigs of 
Saltz gractlis showed a progressive decline in ADL with seasonal 
progression. The cellulose content and ADL:ADF ratio in twigs also 
increased in most species from early to late summer then remained 
relatively stable or showed a slight decline in the dormant 
season. Cellulose content in leaves remained about the same or 
increased from early to late summer. Levels of ADF, ADL and 
cellulose were considerably higher in stems than in leaves, 
however, the ADL:ADF ratio was the same in both plant parts during 
the growing season. Seasonal levels of the fibrous carbohydrate 
components in willow browse were similar to those reported for other 
deciduous browse: (Urness:,, 1973; .Tew,. 1970% Short etaql., 1972). 

Sid ver(1976), reported the; seasonals levels: of ligninwn: Salix 
scoulertana and S. bebbiana browse generally declined from autum 
to winter. Dietz (1972) found that, with the exception of aspen 
and fringed sagebrush (Artemtsta frtgida) both ADF and ADL in- 
creased markedly from spring through winter in shrubs fed upon by 
deer in South Dakota. Aspen showed a moderate decline in both 


components from summer through winter. 
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The data show the nutrient value of willow browse generally 
declines with seasonal progression through September, then 
increases slightly during the dormant season. Urness (1973) found 
the consumption and nutritional value of central Arizona deer 
forages were primarily influenced by phenological development. 
He found the in-vitro digestibility of browse declined as the 
levels of ADF increased with seasonal progression. The digestibility 
of cell walls is variable and depends upon several factors of which 
lignin is the most important (Goering and Van Soest, 1970). Lignin 
acts as a barrier to micro-organisms and is negatively correlated 
with both dry matter and protein digestibility (Dietz, 1972). Since 
the digestibility of cellulose depends upon its state of lignifi- 
cation, the lignin fraction is best expressed as a ratio of ADF 
(Goering and Van Soest, 1970). Using the lignin ratio method, 
the estimated cell-wall digestibility of willow browse in this study 
Varved fromieigrtolZivmpercent.2) thesetvaluessare! fower=than* those 
reported from washed moose rumen contents in Alaska (Gasaway 


and Coady, 1974) and other deciduous browse (Short, 1971; Dietz, 1972). 


Several factors indicate that the data may underestimate the 
nutritive value of willows for moose. Drying of samples at 65°C 
has been shown to artificially increase the acid-detergent fiber and 
lignin fractions through heat damage (Van Soest, 1964). Moose were also 
found to select plant parts and to discriminate among species of 
willow and among individual willow plants. The browse samples 
collected represent the total annual growth of leaves and twigs and 


do not account for selective feeding behavior or the use of only 
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the upper portions of twigs, which contain less ADF and lignin 


than lower portions and are more digestible. 


5.) Crude Fat 


The crude fat (ether extract) content of willow twigs was 
lower in developing twigs in early summer than in mature twigs 
during the dormant season. Crude fat content in shrubs generally 
shows a decrease with seasonal progression through July, then an 
increase in fall and winter (Dietz 1972). Tew (1970) found that 
crude fat content in aspen leaves increased greatly from spring 


tortalie 


In this study, willow twigs in the dormant season averaged 
4 percent crude fat and ranged from 3.4 to 4.6 percent. These 
values are comparable to the crude fat content reported for willows 


in Wyoming (Houston 1968) and Alaska (Milke 1969). 


The nutritive value of crude fats is not considered to be as 
important in ruminant nutrition as they were formerly thought to 
be (Dietz 1972). This is because the crude fat determination 
includes other fractions such as terpenes, resins and essential 
Oils which are not digestible to any extent, and may even inhibit 
rumen function (Nagy et al. 1964). It is not known whether the 
crude fat fraction of willow browse contains appreciable amounts of 
non-digestible essential oils. Smith (1950, 1952) reported the 


digestibility ot ether xtracteranced from 23,5 percent)'to 
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68.3 percent among eight shrub species of importance to wintering 
mle deer. Although the digestibility of crude fat in willow 
browse is not known, the digestible fraction may be an efficient 
source of metabolizable energy. This would be particularly 
important to moose during the long, cold winters experienced in 
northern regions. Essential fatty acids provide approximately 


2.25 times more energy than carbohydrates or protein (Morrison 1954). 


4, Minerals 


Ash, calcium, magnesium, phosphorous and sodium concentrations 
were variable among species and between browsed conditions. The 
highest during the spring and generally decreased with seasonal 
progression. The phosphorous content of young twigs (0.27%) was 
more than twice that of twigs during the dormant season (0.12%). 
Calcium content of willow twigs was highest in late summer. In 
willow leaves, all minerals, except sodium, showed an increase in 
concentration with maturity. Sodium levels in leaves were highly 
variable. Similar seasonal trends for these minerals were reported 
for willow (Saltx spp.) and other shrubs in Colorado (Short et al. 
1966) and for a variety of browse species used by deer in South 


Dakota (Dietz 1972). 


Willow browse in spring and early summer contained ample 
calcium levels, adequate phosphorous levels and an acceptable 


calcium-phosphorous ratio. In winter, willow twigs contained 
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adequate calcium content, but appear deficient in phosphorous and 
had a high calcium phosphorous ratio (4.9:1). The minimum calcium 
and phosphorous requirements generally recommended for maintenance 
of domestic livestock under range conditions are 0.32 and 0.17 
percent, respectively (NAS/NRC 1970). Beef cattle require 0.16 

to 0.60 percent calcium and 0.16 to 0.43 percent phosphorous, 
depending on sex, age and condition. The desirable calcium-phosphorous 
TACLOMISP2.deor 1:2, although’ ratios sreater than 2:1) are 
permissible if sufficient vitamin D is present in the forage 

(Dietz 1970). McEwan et al. (1957) found that white-tailed deer 
could tolerate lower calcium levels than those recommended for 
domestic livestock. He concluded that the diet of deer became 
deficient in calcium and phosphorous at about 0.27 and 0.08 percent, 


respectively. 


The magnesium concentration in willow twigs decreased from 
0:38 to 0.21 percent and in leaves increased from 0.52)to 1.04 
percent with seasonal progression. These values are considerably 
higher than magnesium concentrations reported for aspen leaves 
(0.03 to 0.25%) in Utah (Tew 1970) and for native forage plants near 
Inuvik (Scotter and Miltmore 1973). Short et al. (1966) also re- 
ported that magnesium values in willows were generally higher than 
those of other forage plants in Colorado. Maynard and Loosli (1969) 
indicated the magnesium requirements of domestic livestock for growth 
was in the order of 0.06 percent of the dry ration, assuming that 
calcium and phosphorous intakes were adequate but not excessive. 


If moose requirements for magnesium are similar to that reported 
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for domestic livestock, willow browse contains ample magnesium 


levels. 


Sodium content in willow leaves and twigs was low during all 
seasons. It is recommended that forage of domestic livestock con- 
tain from 0.05 to 0.15 percent sodium (NAS/NRC 1970). Sodium levels 
in willow leaves and twigs averaged 0.021 and 0.026 percent, 


respectively. 


The data show considerable variation in sodium content. This 
may be due to contamination during handling of samples and which 
often is the greatest source of error in sodium determinations 
(Lowendorf 1974).1 The lowest concentrations of sodium recorded are 
about 0.005 percent. Jordan et al. (1973) found that sodium 
concentrations in woody plants eaten by moose on Isle Royale were 
so low, averaging 0.001 percent, that he doubted moose could meet 
their minimum requirements from browse alone. He suggested that in 
order for moose to survive in this habitat, they needed specialized 
feeding strategies and unusual physiological adaptations for finding, 
storing, and conserving sodium. Jordan et al. (1973) found aquatic 
plants contained 50 to 500 times more sodium than terrestrial plants 
and felt that moose on Isle Royale and possibly in other regions 
where aquatics were eaten, depend in large part upon this source to 


meet their annual requirement for sodium. 


lPersonal communication, H. Lowendorf, 1974. 
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A sodium deficiency in the browse diet of moose may explain 
the apparent preference shown for seaside arrowgrass in the study 
area. Seaside arrowgrass is noted for its relatively high salt 
(sodium chloride) content in comparison to other herbaceous forages 
(McLean and Nicholson 1958). Although seaside arrowgrass is 
poisonous to domestic livestock (Kingsbury 1964) there are 
indications that native ungulates are not as susceptible to plant 


poisoning (Johnston et al. 1965). 


B. Response of Willows to Natural and Simulated Browsing 


Results of the simulated browsing study indicate that Salix 
bebbtana and S. discolor shrubs are stimulated to greater pro- 
ductivity when clipped during the inactive growth period or the 
dormant season. Although the number of twigs was reduced by all 
clipping intensities, the length and weight of the new CAG was 
ereater than unclipped (control) shrubs, resulting in an overall 
increase in browse production the year following simulated browsing. 
Removal of the terminal bud and thus the apical dominance has been 
shown by several researchers to stimulate twig production from the 
dormant lateral buds (Garrison 1953, 1972; Ferguson and Basile 1966). 
Ferguson and Basile (1966) found that topping of bitterbrush shrubs 
resulted in a nine-fold increase in twig production and speculated 
that topping caused an imbalance of root:shoot ratio resulting in 
a relative abundance of water and mineral nutrients which favors 


shoot growth. 
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The response of CAG to simulated browsing in spring was more 
dependent upon the intensity of clipping than were the fall and 
winter treatments. Fifty and 100 percent clipping intensities in 
spring generally resulted in an increase in the number of twigs 
but a decrease in the length and weight of twigs produced the 
next growing season. In spring the 100 percent clipping treatment 
had a lower twig production than other treatments. These findings 
are similar to those reported by Garrison (1972). Garrison concluded 
that browse utilization was least detrimental to shrubs during 
fall and winter, when non-structured carbonydrates reserves are 
highest, and most damaging during late spring and early summer 


when non-structural carbohydrate reserves are the lowest. 


The response of willows to natural browsing was similar to 
Simulated browsing during the dormant season. Saltx candida and 
S. bebbtana shrubs which were heavily browsed by moose for two or 
more winter seasons had fewer twigs but a greater production (weight) 
of woody shoots than unbrowsed shrubs. Different growth responses 
to browsing were also apparent between species. Browsed Saltx 
bebbtana shrubs had a three-fold reduction in the number of twigs 
produced with a two-fold increase in total twig weight while browsed 
Saltx candida shrubs responded with a small decrease in twig nun- 
bers and about a four-fold increase in total weight of twigs 


produced. 
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Within moderately and heavily browsed Saltx candida clumps, 
individual secondary stems responded variously to different 
intensities of browse use (Table 30). Browsing during the preceding 
dormant season stimulated the greatest twig production. Stems 
browsed in previous years but not the preceding season outproduced 
the control stems but produced less than stems browsed the 
preceding season. Ferguson and Basile (1966) found the increased 
growth response of bitterbrush shrubs to topping continued in 
subsequent years, but at a declining rate. Comparison of un- 
browsed stems within unbrowsed (Table 28) and browsed (Table 30) 
Saltx candida clumps in my study, indicated that browsing may 
have stimulated twig growth (number and length of twigs per secondary 
stem) throughout the shrub. Cook and Stoddart (1960) however, con- 
cluded that there was little or no translocation of manufactured 
food from one side of a plant to the other when clipping of CAG 
from one side of big sagebrush plants caused death of that half of 


the plant while the unbrowsed half grew vigorously. 


Stimulation of new twig growth as a result of removal of the 
terminal bud is commonly explained by suppression of apical dom- 
inance (Garrison 1972). Suppression of apical dominance generally 
allows two or more lateral buds to develop as new leaders. In 
this study, the willows subjected to simulated or natural browsing 
during the dormant season generally responded with a decrease in the 
number of new twigs or leaders. The marked increase in total twig 
production following browsing may be due to the change in the shrubs 
root:shoot ratio causing a hormonal imbalance (Berg and Plumb, 1972) 


or an overabundance of water and mineral nutrients (Ferguson and 
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Basile, 1966), both of which may favor vigorous twig growth. 


C. Relationships Between Moose and Willow 


Moose were found to concentrate on willow dominated communities 
during winter in the lowlands near Fort Providence. Aspen and 
aspen-willow communities were the commonest forest cover but received 
relatively light use. In the willow dominated communities, the 
willow savanna and patterned fen, willows comprised 97 and 72 percent 
of the available browse and 97 and 99 percent, respectively, of 
the browse used by moose. Similar habitat use was described by 
Berg and Phillips (1974) in ecologically similar areas characterized 
by broad expanses of willow and marsh, commonly found from north- 
eastern Minnesota to north-central Alberta within the transition 
zone between prairies and northern coniferous forests. These 
authors found that willow and associated willow habitats were used 


much more than non-willow habitats. 


In this study, a marked preference was noted for certain 
willow species (Table 10). Comparison of the relative abundance 
and use of willows in each commmity showed moose were selecting 
certain species of willow and avoiding other species of willow. 
Browse preference varied among communities but was not related 
to the abundance of preferred species. Saltx candida was preferred 
in the patterned fen where it was abundant and in the willow savanna 
where it was scarce. Saltx padophylla was uncommon in both commmities 


but highly preferred in only the willow savanna. This indicates 
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that willows may be ranked in order of low to high preference, the 
use of a particular willow dependent upon the availability of 

more preferred species and the site or plant community in which 

it was growing. Milke (1969) also listed willows in an order of 
preference and indicated that neither the relative abundance nor 
species density affected the preferential use of browse by moose in 


his Alaska study area. 


Although preference in this study was detemined on browse 
use throughout the winter, field observations indicated a change 
in the importance of plant communities and browse species used by 
moose as the winter progressed. The shift in moose activities from 
the patterned fen, where the low-growing and highly preferred Saltx 
candida was abundant, occurred about the time of increasing snow 
depths and snow crusting conditions (late winter). Spring 
observations showed the use of tall shrubs, Salix bebbtana and 
Saltx discolor, in the willow savanna had increased in late winter. 
Several authors (Kelsall and Prescott, 1971; Coady, 1974; Krefting, 
1974) have snown the importance of snow cover as a factor influencing 
the availability of browse, the distribution of moose and moose use 
of plant communities. Dorn (1970) found that as the snow depths 
increased during winter, the importance of tall species increased 
while that of short species decreased. While snow conditions may 
have influenced the use of Salix candtda in the study area during 
late winter, mid-winter observations of moose cratering activities 
illustrate the high preference or importance attributed to this 
species, considering the apparent effort expended in obtaining this 


browse from beneath the snow. 
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The high degree of browse selectivity shown by moose in the 
study area is exemplified by their discrimination among individual 
shrubs within palatable species, notably a selection for those 
willows which had been browsed in previous seasons (Figure 7). The 
direct relationships between the degree of current and previous use 
of individual willow shrubs indicates that browsing influenced some 
"palatability" factor of the next season's growth which, in tum, 
stimulated a selective response by moose. Several other studies 
have also noted preferential browsing of selected shrubs within a 
species (Bergerud and Manuel 1968; Houston 1968). Bergerud and 
Manuel (19638) found moose preferred individual balsam fir with 
dark green needles over chlorotic, light green colored balsam fir. 
These authors found that protein levels in dark green fir were 
higher than in chlorotic fir and suggested that moose were selecting 
the most nutritious plants. Houston (1968) reported individual 
subalpine fir trees were often heavily browsed by moose and suggested 


that differences in palatability may occur among individual trees. 


Other workers (Hardison et al., 1954; Marten, 1969; Milke, 
1969; Westoby, 1974) have examined the relationships between pre- 
ference and palatability factors. Specifically, Heady's (1964) 
review of palatability showed that high positive correlations have 
been found between forage preference and protein content, sugars 
and ether extract while lignin and crude fiber often showed a 
negative relationship with increased preference. In my study, no 
significant relationships between chemical composition and browse 


preference of willows were found. Although differences in average 
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nutrient content between preferred and non-preferred species of 
willow and between browsed and unbrowsed willows of the same species 
was not great, the general trend indicated that moose were selecting 
browse of lower nutrient content. Twigs of browsed willows were 
generally lower in crude protein, ash and ether extract and higher 
in acid-detergent fiber and lignin than willows of non-preferred 
species or unbrowsed individuals of the same species. Only 
moisture content showed a positive, although non-significant, 
relationship with selection for previously browsed individuals of 
preferred species. Moisture content of non-preferred species were 
Similar to unbrowsed shrubs of preferred species. The influence 

of succulence on palatability of pasture grasses for domestic 
livestock was illustrated by Davies (1925). Swank (1956) found 

that forage with a consistent high moisture content was preferred 
by deer and cattle. Milke (1969) found that willows most preferred 
by moose also contained the highest moisture content. Pavlov (1973) 
suggested moose preferred balsam fir and willows during the winter 


because moisture does not freeze in the twigs of these species. 


In this study, moose showed a marked preference for individual 
shrubs of palatable species that had been browsed in previous 
seasons. Willows browsed during the dormant season were shown to 
respond with a decrease in twig numbers and a dramatic, 2 to 4 fold 
increase in the size, length and weight, of twigs produced the next 
season. Descriptions of moose browsing behavior indicate that moose 
will often select individual twigs and manipulate them so they can 


be consumed butt first (Geist 1963). During mid-winter collections 
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of browse samples and simulated browsing treatments in this study, 
a greater difficulty was encountered in manipulating short twigs 
without breakage of older wood than in manipulating longer twigs 
from terminal leaders or from previously browsed shrubs. These 
observations indicate it would be difficult for moose to select 
the relatively short current year's twig growth from unbrowsed 
shrubs without obtaining quantities of older wood. Such selection 
would be particularly difficult in cold weather when twigs are 


brittle. 


Since moose consume 18 to 23 kg of browse (wet weight) per 
day in winter (Verme 1970), considerable mobility and energy 
expenditure would be required to obtain sufficient browse to main- 
tain the rumen fill. Selection of larger twigs from previously 
browsed shrubs would reduce browsing time and feeding movements 
required to maintain rumen fill and thus be more efficient than 
browsing of smaller twigs from unbrowsed shrubs (Figure 13). A 
Similar concept was described by Des Meules (1965), who postulated 
that heavy utilization of balsam fir by moose in late winter may 
save energy, since fir twigs weigh eight to thirteen times more 
than deciduous twigs of similar length and therefore require less 


time and effort to consume equivalent amounts. 


In this study, moose were consuming only the upper half to two 
thirds of selected twigs. Chemical analysis of lower, middle and 
terminal twig portions showed that the terminal third contained 


higher concentrations of crude protein, crude fat, and minerals and 
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Comparison of current annual twig growth on secondary 
stems of unbrowsed and moose browsed Saltx candida shrubs. 
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lower levels of acid-detergent fiber and lignin than lower twig 
portions or the total twigs from unbrowsed shrubs. In browsed 
Saltx candida shrubs the crude protein content of terminal twig 
portions in January exceeded the 7 percent level considered 
necessary for ruminant maintenance. Selection of higher quality 
browse by moose may also increase food intake, digestibility and 


passage rate through the gut (Gasoway and Coady, 1974). 


These observations lend evidence that moose in the study area 
were selecting for the more available as well as the more nutritious 
browse that was readily obtainable from previously browsed shrubs. 
This preference for longer twig growth may also explain why moose 
expended additional effort in cratering through snow to obtain 
browse from low growing Saltx candida clumps or in breaking the 
upper branches of Salix bebbtana shrubs to obtain the terminal 


leaders. 


Examination of moose food habits in this study indicates that 
browse abundance was probably not a limiting factor to the moose 


population in the Mackenzie lowlands area. In willow dominated 


communities where moose congregated during winter, only 7 to 8 percent 


of the available browse was utilized by moose; other areas and 
plant commmities examined sustained even less use during winter. 
It is expected that, at this latitude, the duration and severity of 
winter conditions may cause a considerable energy and nutritional 
strain on moose. Moose normally experience a loss of up to 20-25 


percent of body weight between fall and spring (Gasoway and Coady 


Lod 


qari toh ror 30 enters pecans ee 
tru vii iets peaeont burst nina Oi ro sete 
2 (eVEL hat) Ena ren ate At Ale eter 


o-rnn Wade ait nt tego Jade ecurabiie bats oaks 2 onsnt 7 


‘ 


molt: ian wet a iewee aiidal devi be eis 30! guascatae sae 
tirclt beew7d VWawhetq wnt oldaatede AEEbewe sa Sucks’ oeerne | 
sno. Vi atal aes O88) We (LORE Tog: 4 eryrod so edihestong eiay 
Wiptdo of wone Metals grivedews wil tte besia sb tehruges . 7 
wit grcdewid ft te niet se dhees ha ft golvery wal) aurt enw med 
Lovsteres aap plasty G2 var Sa FPN meiva 20 ones tangy 


. cxebnal . ih 
/ ; (on 
| 7 7 
gol eetactind vate elelvak eridid bovbteten 94 eeknedieend i 


arom i oF {OTe wrids inh 5 tan Yidadorg eev oases Gag 
thermmurdacst wot tw ive > ° slau chuctyal stanton nb polactine if o 
ee eee secu utube 9 bsdnenamagy 
a _ = wer 
bow’ conta: mak ge! pwasewh iad basitaae sew 


eam ce aa ei 


1974). The relatively short growing season at this latitude would 
also limit the time available for weight gain from the more 
nutritious summer forage. The marked selection of winter browse, 
particularly from previously browsed shrubs, observed in this 
study may be a behavioral adaptation to maximize intake of the 
more palatable and perhaps the more nutritious browse available 
While minimizing energy expended during feeding. Energy 
conservation through forage efficiency may be extremely important 
for moose survival through the long and severe northern winters. 


Because of the growth response of willows to browsing and moose 


selection of previously browsed shrubs, this relationship also acts 


to perpetuate a source of preferred and perhaps important winter 


browse. 
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SUMMARY 


A study was conducted to examine the plant commumities and 
moose habitat use in the lowlands near Fort Providence, Northwest 
Territories. The primary objective was to examine the relationship 


between moose and willows on a moose winter range. 


Species composition, herbage and browse production and soil 
characteristics were described for five plant communities: sedge 
meadow, patterned fen, willow-shrub, willow savanna and aspen-willow 
communities. Willows were the dominant browse species in all but 
the sedge meadow commmity. Mean annual production ranged from 
530 kg/ha in the aspen-willow to 2535 kg/ha in the sedge meadow 
community. Browse production in shrub dominated communities ranged 
from 442 kg/ha in the willow savanna to 1406 kg/ha in the willow- 
shrub communities. Available winter browse averaged about 20 
percent of summer browse in all shrub commmities and about 10 


percent in the aspen-willow community. 


Moose abundance was estimated at 0.21 moose per square 
kilometer in the general lowland area and 0.90 per square kilometer 
in the willow communities used as winter range in the study area. 
Total browse use and pellet-group counts showed moose used the 
Willow savanna and pattemed fen conmunities about six times more 


than the aspen-willow commumities. 
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During winter, moose exhibited a marked selection of browse 
from particular species of willows and from individual shrubs with- 
in preferred species. In the willow savanna commmnity, Salix 
bebbtana, S. candida and S. padophylla shrubs received significantly 
more use while Salix gractlts and S. maccalltana shrubs received 
Significantly less use than expected. Similar trends of preference 
or avoidance of particular browse species were also found in the 
patterned fen and aspen-willow commmities. The degree of previous 
browse use (hedging) of individual palatable willow shrubs was 
found to have a positive influence on the probability that the 
shrub would be again browsed by moose. The degree of previous use 
also had a direct relationship with the amount of current annual 


growth (CAG) browsed by moose in subsequent years. 


The seasonal nutrient content of six species of willows and 
two browsed conditions (browsed and unbrowsed shrubs of palatable 
species) were examined at four dates during the growing season 
and once during the dormant season (January). Crude protein and 
moisture levels were greatest in young leaves and twigs and generally 
decreased progressively through the growing season. A general 
increase in twig protein levels (x = 1% of dry weight) occurred 
before leaf abscission at the end of the growing season. Acid- 
detergent fiber and lignin levels in willow twigs increased 
sharply early in the growing season before showing a slight general 
decline in the latter part of the growing season and in the dormant 
season. Acid-detergent fiber and lignin levels in willow leaves 


showed a moderate increase throughout the growing season. Ash, 
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calcium and magnesium levels in willow twigs showed a progressive 
decline and in leaves a progressive increase with seasonal 
progression. Phosphorous content of twigs showed a two fold 

decline between early summer and the dormant season. Calcium- 
phosphorous ratios increased from 2.7:1 an early summer to 4.9:1 

in the dormant season. Sodium levels were low in willow twigs and 
leaves (x = 0.026 and 0.021, respectively) in all seasons. Average 
crude fat levels in willow twigs showed a two fold increase from 

2.1 percent in early summer to 4.0 percent during the dormant season. 
Differences in nutrient levels were found among species of the 

same browsed condition but these differences were generally not 
consistent throughout the sampling period. Browsed willows generally 
contained lower levels of crude protein, ash and minerals and 

higher levels of acid-detergent fiber, lignin and moisture than 
unbrowsed willows of the same species. Variation among replicated 
samples resulted in few significant differences between species or 
between browsed conditions within species. I found no relationship 


between browse selection by moose and browse nutrient content. 


Chemical analyses of consecutive twig segments showed a 
progressive decrease in moisture, crude protein, ash, calcium and 
magnesium and an increase in acid-detergent fiber and lignin from 


the terminal to distal twig portions. | 


Willows subjected to simulated or natural browsing during the 
domant season responded with a decrease in the nunber of twigs 


and a significant (two to four fold) increase in production 
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(total weight) of twigs per secondary stem in the following growing 
season. The response of shrubs to simulated browsing early in the 
growing season had variable results and depended upon the intensity 
of clipping. The 100 percent clipping treatment had the greatest 
debilitating effect: an increase in twig numbers and a decrease 

in total weight of twigs produced per secondary stem. Simulated 
browsing of shrubs in late summer (August) and in the dormant season 
nad similar effects on twig production in the following growing 


season. 


It was postulated that moose selection of browse from previously 
browsed shrubs of palatable species may be related to the relative 
ease of obtaining sufficient quantities of the current year's 
twig growth to maintain the rumen fill. Selection of the longer 
twig growth may be a behavioral adaptation to maximize intake of 
palatable and perhaps more nutritious browse (terminal twig portions) 
available while minimizing energy expended during feeding. Energy 
conservation through forage efficiency may be extremely important 


for moose survival through the long and severe northerm winters. 
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Appendix B. Mean soil moisture (% dry weight) and soil temperature (°C) 
at different depths in the wet sedge meadow community in 
1S 


SAMPLING DATE 


Soil Depth 25 June Oe any, 20 August 
Class 
Soil Moisture 
n= 30 0-15 cm Cie2 5054 56.4 
15-30 cm 23-0 233 22s 
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Soil Temperature 
n= 60 LOtcem 9% 
20 cm 6. 
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